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i ■ ^ SUririARY 

The space shuttle at Kennedy Space Center will involve the use and 

handling of large quantities of hypergolic propellante including hydrazine (H), 
monomethylhydrazine (MMH), and unsyometrical dimethylhydrazine (UDHH). Hydrazine 
compounds (H» MMH» and UI^IH) are highly toxiCt and threshold limit values (TLV) 
have been established by OSHA at 1.0 ppm 0.2 ppm MMH and 0.5 ppm UDMK. 

Original investigations (see references 10 and 11} focused upon the adaptation 
of existing Energetics Science technology (U.S. Patents #4,001^103, 4,042,464) for 
hydrazines monitoring. This cooperative NASA and Energetics Science effort resulted 
in successful commercial instrumentation for monitoring hydrazines at the PPM level 
(Energetics Science U.S. Patent appln. #916,296, NASA case # KSC-11082). This 
instrumentation however does not meet the current need for a ppb level detector for 
MMH. 

{ 

There are not toxic level hydrazine vapor monitors commercially available 
meeting KSC's requirement for a low cost, accurate, reliable and simple to operate 
and maintain instrument which can read in the parts-per-billion range. 

The objectives of NAS 10-9492 are: 1) to develop electroch'mical sensor 

technology capable of PPB level hypergolic vapor sensing, and 2) to design, fabricate 
and deliver to KSC one portable instrument capable of meeting the design goals. 

A report of the completion of this contract is the subject of this final 
report. In summary, the following tasks were completed within the scope of this 


work. 
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TASK 1 

TASK II 
TASK in 
TASK IV 
TASK V 
TASK VI 


Development of Electrode/Electrolyte/Potentlal conditions 
for the ppb level Hydraslne Sensing Reaction. 

Development of the Electrochemical Cell Design. 

Complete Deslga of Instrument Electronics. . 

Complete Design of Instrument Hardware. 

Fabrication and Evaluation. Testing of Hydrarines Instrument. 

Evaluation of Instrument Calibration and Hydrarlne Handling 
Techniques for Low Concentration (ppb) of Hydrazine. 


TASK VII Delivery of Instrumentation and Documentation. 

The prototype toxic level analyzer Is the first Instrument of Its kind that 
is capable of performing cost-effective and reliable measurements for PPB level 
hydrazine vapors. The prototype toxic level analyzer either meets or exceeds this 
prograni required design and performance goals for every category except response 


time at the lowest levels. 

The permeation tube method of preparation of low concentration of hydrazines 
were evaluated and reliability for this technique was established by comparison 
with acceptable colorimetric and electrochemical methods. 

Results Indicate that the electrochemical method Is more selective than the 
colorimetric method towards MM!’ detection and can be used at lower levels. Cali- 
bration of the prototype Instrument Is recommended to be done with hydrazine mix- 
tures In nitrogen as oxidative decomposition of hydrazines In air had been shown 
to occur. Further applications of electrochemical sensing technology can be made 
In the development of analytical Instrumentation for dosimeters and safety monl- 


torlng of hypergolic vapors. 
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1. INTRODUCTION 

Th® Space Shuttle prograst at Kennedy Space Center will involve the uae and 
handling of large quantities of hypergolic propellants including hydrasine (H)* 
oom>aethylhydraaina and unsytscoetrical dimethylhydrazine (Ul^). The toxicity 

of these cotspounds is well known and current recoraraended exposure levels OlV) are 
0*1, 0.2 and 0.5 ppm V/y in air for H, KMH, and UI»«, respectively (1). Skin and 
respiratory exposure can yield a wide variety of effects^ from nausea to carcinomas 
( 2 ). 

Kethods for determination of these three hydrazines (H, MMU and UDMH) include 
colorimetry Ot^)* titration with standard potassium iodate solution (5), an acid- 

method (6)* gas chromatography (7), derivative chromatography (8) and chec* 
iluminescence (9). However, these methods are not widely used, since they suffer 
from various drawbacks such as complexity, insufficient sensitivity or lack of 
portability of the instrumentation (making them not easily adapted for uae in a 
field instrument). 

An electrochemical cell has been developed which, when coupled with an Instru- 
taent system, can provide fast, accurate, sensitive and real-time determination of 
MMH, H and UDHH vapors at ppb levels. 

This final report covers work performed under contract NAS 10-9492 for the 
period October 25, 1978 to November 30, 1979. The objectives of NAS 10-9492 are: 

1) to develop electrochemical technology capable of PPB level hypergolic vapor sen- 
sing and 2) to design, fabricate and deliver to KSC one portable instrument meeting 
the design goals* The objective of this report Is to summarise the major findings 


of this work. 



TWO prior roporco (10, 11) detail the electrochemical technology which waa 
used to develop tha flsad Inotallatlon and prrtoble Instrumentation for hydraalnoa 
sensing. A elsllar approach has been taken In this program for the development of 
Instrumentation capable of sensing In real-time at the ppb level. 

In aimaary, tho following tasks were completed within the scope of this work: 


TASK I 


Development of Electrode/Elcctrolyte/Potentlal conditions 
for tho ppb lovol Hydrazine Sensing Reaction* 


TASK 11 Devolopaent of the Electrochesiical Cell Design • 

TASK 111 Coapletc Design of Instrument Electronics* 

TASK IV CoB^leto Desijn of Instrument Hardware* 

TASK V Fabrication and Evaluation Testing of Hydrazine Instriaaent* 

TASK VI Evaluation of Instrument Calibration and Hydrazine Handling 

Techniques for low Concentration (ppb) of Hydrazine* 

TASK VII Delivery of Instrumentation and Documentation. 

The deslgu and performance goals for the portable PPB Instrumentation for MMH are 

given In Table I and Table II respectively. 

The following teport discusses the effort necessary to meet these Instrument 
design objectives and successfully complete the major tasks of this work. 

II. EXPERIMENTAL 

The fundamental design of these instriroonts Include an olectrochcmlcal cell 
as the vapor detector. A cotsplete dcscripti«'n of this technique has 
been reported (10, 11) and therefore only a summary of the experimental techniques 
used for development of the Instrumentation is discussed here. 
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TAQLS 1 

■i ’ 

^ DESIC8 COALS 

PORTABLE HYPERGOLIC VAPOR DETECTIOH INSTRUMENT 


INSTRUMENT TYPE; 
SPECIFICITY 


RANGE: 

SENSITIVITY: 


GOAL 


Portable, Single Readout of 
Hydrazine Vapor Cone. In Air. 

Sensor responds to all Hydrazine 
types (H, KMH and UDMH) , but need 
not differentiate between them. 

0-2 PPM with 1 PPB resolution. 

I 

0.05 PPM minimum detectable cone. I 
readable to t 1 PPB. j 


TEMPERATURE RANGE; 
RELATIVE HUMIDITY: 
DIMENSIONS (Maximum): 
WEIGHT: 

READOUT: 


CONSTRUCTION: 

POWER: 


ALARM: 


0-40*C. 

10-95%. 

8” X 8" X 16". 

< 12 lbs. i 

Mgltal, readable In sunlight 3 j 
digit resolution. Also provide a • 
recorder output. j 

Kuggedized, hazard proofed, Inscn- | 
sltlve to changes in position. j 

battery, 8 hours continuous, with | 
provision for 105-125V AC power/ j 
recharge Jack. j 

Audible alarm and light alarm, ad- 
Justable trigger level. 
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TABLE II 


INSTRUMENT PERFORMANCE COALS 



7 

COAL 

RESPONSE TIME (to 90 Z of 
reading change at 0.1 PPM 
or above): 

30 seconds 

ACCURACY (at 0.1 PPM or 
above): 

t lOX 

PRECISION: 

i IX F.S. 

ZERO DRIFT: 

< IZ F.Se per day 

SPAN DRIFT: 

< IZ FeS. per day 

NOISE: 

i 

t 1% F.S. per day 

t 

INTERFERENCES: 

( 

The following gases will give the 1 
interference ratio shown or great- 
er: 

CAS 

INTERFERENCE RATIO GOAL 

NH 3 

100:1 

NO 2 

100:1 

1 FREON 

1,000:1 

CO 

1,000:1 ! 

N2. O2, H2, Ar, 
1 He, CH4 and CO 2 

\ 

No Response i 

— i 


A 


A .ch.».lc o< c». .uc.r.,ch.,^c,a ..».or .. *« '■ 

Ih. three eleetrede. ere ell Teflee-heeded dltfeelee .Uct.»l.. preper.d h, febrl- 

cet.« U-e eetelpet eeto . hydrephehle I.a«. ah.. I- PUa««- «"•> 

eeed «re el hl.h perlt,. Th.ee eleetrede. «r. reeled Ineld. . pelyproPTleee cheeh.r 

ehlch .e. eeb...,e..tl, lined -ith eleetrelyte. The elUelln. del elec-^Tt. -e» 

prepared from reexgent grade materials and distilled water. 

cld end P'..lee. Led. Ire. the ...eer electrode. ~re etteched to e pot.etlo- 
etet (fldur. 2) -.d h,dre.l« eeneio. electrode, -ere potehtloetetlcell, cootroUed 
et 0.000 V elth reepect to the Pt/*.r r.l.re,c. electrode. The relercece electrode. 
Pt/.lr ... etebl. to e O.OIV et eppro.l»tel, l.O e .OlOV .» beelc electrolyte eith 

respect to the normal hydrogen electrode. 

The bydretlne cell, oeed 0.25* ,el. 2» KOH eoletloe e. electrolyte. Dorlo, 

.eoeor eveleetloo. hydr.tlne odxtere. -ere peeeed over the bech (p..) elde oI the 
.eoelh, electrode et coeeteot llo-rete. typlc.lly 100 cc/ele. «-d ch. current pro- 
dueed by electrochetdcel reectlon In the eeneor ll<»ln. bet-een .be .en.lnp end 
counter electrode. ... c«nltored. The .en,er. current, -ere .....red by «.nltorlns 
the voltete drop ecr... . precl.lon re.lotor (typlcelly IK) In eerie, -ith the 
„n.lnd electrode end dlepleyln* tbl. .olted. on . ICO. Bechdround current, cere 
„..„,ed lor the ..n.or In . •etetlc' condition (no d-e an. throudb the .en.ur, 
end in e dyneelc u. ".teedy .tete" condition, l.e.. -Ith . cone.ent so. ao. of 
Zero sredeolr (792 Ny. 212 Oy) throudh the sensor. Slgnols lor the uerlous .as 
nl.turu. (< 2 pp. HMH) -ere obtained directly Iro. the per«=etlon device n.i» oui- 
let or from o ...pie beg for higher HKH concentration, by using en elr sanpUnc 
pump, drawing the gas into the sensor at flowrates which were 

enelysls. m this esnner the senser slgnel (current) ... measured as the dUferen , 
in sensor output et steady-stete bet-een rero air end the pollutant gas mUtur... 


FL 2827 
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KI<;URE 1 SCHEMATIC nK 





A permeation tube calibration system (Model 670 Kln-Tek Precision Calibration 
System) was used for continuous generation of hydrazines vapor mixtures between 
0.010 PPM and 2.000 PPM, The system operates by maintaining a constant tempera- 
ture at which a permeation tube emits a known weight of the vapor at a constant 
rate into a diluent stream of 99.9998% N 2 . N 2 was most frequently used as the 
diluent since hydrazines vapors were found to be more stable in N 2 than air. 

A controlled flow of the diluent gas passes through a preheating chamber 
which is used to warm the gas to the same temperature at which the tube is thermo- 
statted. It then passes through the permeation tube glass chamber where it picks 
up and mixes with the vapor. The blended vapor then exits the system and Is 
connected directly to the analyzer via a manifold which allows venting of excess 
calibration gas through a scrubber. By the temperature control, number of per- 
meation tubes used, and by adjusting the flowrate of diluent gas, a variety of mix- 
tures from 10 ppb - 2000 ppb can be generated. For a detailed procedure for the 
set up and operation of the permeation tube calibration system. See Appendix 1. 

The dynamic dilution apparatus as described in a previous report (11) was 
used to synthesize high concentrations (> 2 ppm) mixtures of Hydrazine, MMH and 
UDMH in both N 2 and Air. For a detailed procedure for the operation of the dilu- 
tion apparatus. See Appendix II. Whenever possible available standard gas mixtures 
were obtained, for NO/N 2 . N 02 /Alr, H 2 /Air, CO/Air, NH 3 /N 2 , H 2 S/N 2 , S 02 /Air, C 2 H 4 /Alr 
Freon- 12 /N 2 samples, mixtures were obtained commercially at various PPM level con- 
centrations. while CO 2 , N 2 * ^2 Air were obtained as pure g.isos. 

The permeation tube method of prepar.itli'n of low concentration o! hvdr.’. 
was evaluated for Its reliability by comparison with the established speciUc 
colorimetric method. Vapors emitted from the permeation tube at 60*C were collected 



2 hours l».o . .U... '•« ““• 

„» uopor. .. 0..H ..SO* 00. »«. vopor. 1. . Cl.rU Act./... »0* hutt.r 

M th. dotalUJ procdur.. h.v. bM. report., pre.loo.ly (U). only . 

util be ...crib., here. Per tb. *.fUe. procure.. S«. AppCi. IH. A.B.C. 

tb. ...lyc .1 ••^1“ »' 

£ « wAiinu live for UWH, reaction with trisodlum- 

p-dlnethyl aalnobenwldehyde to form a yellow dye. for uu 

..«tbylC..P..t.cycterr.t. to tor. . C The cc...r..t.~ .« tb. 

by.r..l... «t. .eterr.... coLrlcrlcUy .t . ..vel««tb o£ *57 » tor »..* ... 

... .t 500 » .or «»«. sec. oolutlo.. o. «. »« ... — Stepere. 

.re.leetrlc.lly tr<» tb. .pproprlet. ..It. .« tbe by.r..C coepou.... ClcuUtlo. 

o. tbe eelcC r.t, 1. «Crc pet Cut. .roe tbe colorCtry yield, result. 1. 
eecelleut ......... .Itb tbo.e epecllle. by «» Pe-cl.. t^ cufecturer. 

results and discussions 

For tbe purpo.. .£ cUrlty. tbl. oectlo. of tbe report 1. .Ivlde. lot. tbe 

Membrane 
Electrolyte 
Sensors 


following sections: 


A. 

B. 

C. 

D. 


Optimum Operation Coidltlons 
i. Temperature Compensation 
11, Response Time 
111. Saturation 

E. Analysis and Handling of Hypergollc Vapors 

F. Prototype Instrument 
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A. MEMBRANE 

The initial phase In the development of this Instrument was the evaluation of 
the different types of diffusion aeabranes. Electrochemical cells were constructed 
using different types of diffusion membrane numbers EX-122« EX-Ql, EX-IO and their 
suitability determined. A diffusion membrane must possess the following properties 
In order to optimise the sensors response: 

a) Ruggedness, b) compatibility with electrode, c) high permeability, d) low 
evaporation, l.e., little water loss from the electrolyte. 

An experimental sensor membrane electrode was evaluated for ruggedness by 
manufacturing several HP design sensors filling them witli free KOH and gelled KOH, 
placing then at -5*C and subsequently dropping them from heights of 8 ft. None of 
the sensors included in this test failed due to rupture of the membrane. Increas- 
ing the dropping height to 15 ft, the EX-122 membrane electrode failed the rugged- 
ness test and the membrane was ruptured. Further tests to evaluate the suitability 
of the membrane indicated that the EX-Ql membrane gave the optimum overall perfor- 
mance; hence all further electrodes were made using the EX-Ql membrane. The results 
on the membrane evaluation arc summarized in Table III. 

B. ELECTROLYTE 

An electrolyte must possess the following properties to be useful in our ppb 
level MMH detection sensor; a) stability - biological, chemical, b) compatibility 
with electrode, c) non reactivity at potential employed, d) conductivity. 

In the Initial phase of this program, ten electrolytes were prepared and 
evaluated as potential electrolytes for the sensor system. A special conductivity 
cell was constructed for evaluation of the electrolytes. Tlielr contribution to 
the electrochemical cell co.iductlvlty was measured using a YSI Model 31 conduc- 
tivity bridge. All chemicals were reagent grade where possible and all solutions 
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TABLE III 




EVALUATION OF MEMBRANE PERFORMANCE 

"U . 


TYPE 

(ZITEX) 

TENSILE STRENGTH 
^Ibs/lBCh vidth) 

UA/PPM MMH 

WT. LOSS on 0% RK 
(GRAM/DAY) 



G-Ql 

3.1 - 4.1 

12.0 

0.60 

G-IO 

5-6 

6.0 

0.30 

606-122 

.6 - 1.2 

8.0 

0.86 


V 
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were made using triply distilled water* Table IV shows the approximate con- 
tributions using a Model 6956 type electrochemical cell of various electrolytes 
to the overall cell iiapedence. Halide salts were not stable for even short 
periods but K 2 C 03 » KHCO 3 , and the usual KOH exhibited the moat promising be- 
havior. 

These electrolytes were further tested for selectivity towards MMH detection* 
KOH exhibited the laost favorable behavior in terms of signal stability and 
specificity towards HMH. K 2 CO 3 electrolyte does not offer good selectivity with 
respect to H0» H 02 » HH 3 or S 02 * and signals obtained for MMH with H 2 S 0 ^ electro- 
lyte deteriorated to less than 10% of their initial value within 24 hours. Table V 
summarizes the electrolyte evaluation in terms of signal stability and specificity 
towards MMH. 

In order to develop attitude insensitive HF design sensors » gelled KOH elec- 
trolytes were used. These sensors were evaluated by operating them in various 
positions while san^ling No change in signal magnitude or response character- 

istics were observed over the 15 minute sampling period used in the experiments. 

The short term stability of two 10% KOH gel sensors was determined after one month 
of intermittent use. MHH signals did not change appreciably but response times and 
selectivity improved with time lKb shown in Table VI. 

However, in continuous monitoring for 8 hours, the sensor with 10*/$ KOH, 2% 
gel electrolyte lost its sensitivity due to 'skin' formation on the electrode sur- 
face. This is mainly due to the drying up of the gel at the electrode .hich then 
causes the conductivity between the electrode and electrolyte to drop signii’ic.mt ly . 
In order to bypass this evaporation problem, a 23% KOH with 0.25% gel electrolyte 
was used* Its 'superior' improvement as referenced to long-term stability Is in- 
dicated in Table VII. For approximately 100 hours of continuous monitoring, the 
MMH signal has only varied by less than 10%. From the long-term stability under con 
tinuous use and its attitude insensitive response, the 23% KOH with 0.25% gel was 
chosen to be the electrolyte used for the ppb MMH analyzer. 



TABLE XV 


BVALUATIOH OP ELECTROLYTE IMPEDANCE 


electrolyte 

CONTRIBUTIO!! TO TOE IMPEBAHCE OF A 
HDDEL 6956 ELECTROCHSHIC^L CELL 
- OH>S - 

5.0 N KOH 


<2 

1.0 M Ka 


15 

2.0 N H 3 BO 3 


2100 

1.0 N KBr 


15 

1.0 N MaCl 


20 

1.0 N K 2 CO 3 


21 

1.0 M LlCl 


24 

0.4 N H82B402 


87.4 

1.0 N KMO 3 


19 

1.0 N NaN03 


23 

1.0 N MaMU 2 


22 
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TABLE V 


ELECDIOLYIE EVALUATION O K H#P> COLD 9 0.000 VOLTS VS. Pt/AIR REFERENCE 


t 

GAS 

. 23Z KOH 

; 20 Z 3 

287. HpSO/ 

SIGNAL UR 
LV’. t rferk;.cE EQ‘jIV. 

SIGNAL OR 
INrERF^Rr-NCF: EQUIV. 

SIGNAL OR 
INTER’i^.REN JE KQUIV. 

Zei'O Air (Static) 

O.I liA 

1.8 UA 

« 

0 UA 

Zero Air (Dynamic) 

0.1 uA 

1.8 UA 

0 UA 

N 2 

O.X uA 

1. 0 UA 

0 uA 

0.15 ppm MW! 

11.8 (.'A/ppm 

4 . 7 iJA/ppm 

*3.3 uA/ppm 

.1000 ppn CO 

11», 509:1 

25,253:1 

NONE DETECTED 

12 ppm NO 2 

l, 20 u:-l 

193:-1 

233:-l 

50 ppm NU 3 

3,278:1 

332:1 

081:1 

23. > ppn NO 

NOKt DtTECTED 

4.3:1 

65:1 

20.5 ppn SO 2 

.ONi, DETECTED 

0.3:1 

6:1 


* MMH signal drops to 0.1 uA/ppm after 24 hours. 
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TABLE VI 


STABILITY OF lOX KOH, 21 GEL LLECTROLYTE 


GAS 


Zero Air (Static) 
Zero Air (Dynamic) 

»2 

O.IS ppa MQi 
1040 ppn 00 

38.4 ppa KOj 
50 ppa NH) 

23.5 ppa KO 

20.5 ppa SO 2 
v^>0 ppa Freon-12 
501 CO 2 

2931 ppm H2 


BHK-I 


MypG-2 


SlcaSAL OR INTERFERENCE EQUIV. SIOtAL OR INTERFERENCE EQUtV. 


3-19 


4-19 


0.9 UA 

0 pA 

0.2 PA 

0 pA 

0.9 pA 

0 pA 

0.2 pA 

0 pA 

0.9 WA 

0 pA 

0.2 pA 

0 pA 

6.7 pA/ppa 

7.5 pA/ppa 

3.7 pA/ppa 

3.5 pA/ppa 

S,098:l 

16.250:1 

*5.728:1 

20.222:1 

927:-l 

l,309:-l 

939:-l 

1.315:-1 

303:1 

5.357:1 

141:1 

2.188:1 

NOT ISTECTEO 

MOT ISTSCTED 

288: 1 

NOT m TECTEP 

350:1 

MOT I^CTED 

NOT detected! 

Nin PUTCCTt5‘ 

1 

MOT DETECTED 

KO*^ DETCCTED 

NOT DETECTED 

NOT DKTECn.n 

NOT DETECTED 

* 1 
HOT ISTECTCD 

NOT DETECTED 

NOT DETFXTKP 

MOT DETCCTEO 

HOT IffiTECTED 

NOT DETECTED 

* 

NOT DETECTED 


3-19 


4-19 


TIME TO 90Z SIGNAL 



3-19 

4-19 

0.15 ppa MMH 

180 Sec. 

80 Sec. 



3-19 


220 Scr. 


tlME TO 90S SlCN.a. 

4-19 

lOS So». 


* loturml Ctunt use for 1 Month 9 0.0t*0 V>*Hs vs. I't/Air Roteron.-c 
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TABLE VII 

LONG TERM ZERO AMD SPAM STABILITY TCVARDS (Mi 
USIMC 23Z KOH, .2SZ GEL AS EL£(rrROLYTE 


MOHRS 

ZERO (DRIFT) (onb) 

LCD DISPLAY 
MHH (ppb). 

0 

0 

291 

24 

13 

322 

48 

4 

295 

96 

8 

290 


16 


C. SEHSORS 


In the Initial phase of this program several types of experirantal electrode 
nateriale were fabricated and tested for improved background and signal specificity 
characteristics. Table VIII auamarlaes the performance of these cells. Rhodium, 
nickel and silver electrodes did not exhibit good selectivity towards KO 2 . Further, 
the high uA/ppa Klffl signal, high signal to background ratio, ease of fabrication, 
and extensive prior experience with the gold electrode, lead us to choose gold as 
the electrode aaterial. 

Gold Electrodes 

Tvo types of gold electrodes were used to test electrode performance, namely, 
standard (as in previous sensors) (10,11) and high purity. Table IX shows the re- 
sults of these cells, one with a standard Au electrode and two experimental elec- 
trodes of high purity Au. The two hlgh-purlty gold experimental cells were more 
selective under the experimental conditions then corresponding standard gold elec- 
trode as indicated by their much larger Interference ratios for 00, HOa, and NO. 

To determine if the selectivity racio observed with the high purity gold electrode 
is reproducible, several samples of the experimental high purity Au used for the 
experiment were prepared. Results are summarized in Table X for an electrode po- 
tentiostated at O.OOV vs the Pt/hlr reference electrode. Excellent selectl'.'lty is 
again observed for all gases except H 2 S, which always gave an equivalent signal to 
MMH. 

Since h.’.gh purity gold electrodes fabricated onti* a rugged Teflon roombraiu- haw 
been established to offer the most promising results for use as ppb level MMh .'onsor 
later efforts have been placed on optimization o£ this system. In an attempt to 
Improve the response characteristics of the electrochemical sensor towards low 
level hydrazine detection, a study of the effect of the catalyst loading was un- 
dertaken with special emphasis upon response time. Electrode catalyst loadings ot 



lABLB VIXI 


BVAlUATIOll 07 DIF7EBENT TYPES OP ELECTRODES 
MATERIALS FOR SSKSOR PERFORMANCE 


ElfictTolyte: 23Z KOH 

PoMntial (vs Pt/Air): O.OOOV 


GAS/VAPOR 

OONCENTRATIOH TESTED 

ELECTRODE 
MATERIAL: Ri 

Rhodium 

Cold 

Sliver 

7.0 ppm tQ 0 i/H 2 
(liA/ppm) 

6.9/ 

14.79 

15.7 

2.2 

Zero Air Static (pA) 

9.6 

13.5 

- 0.8 

7.2 

Zero Air Dynaalc (uA) 

9.4 

12.0 

— 

— 

Pure N 2 (uA) 

9.2 

15.5 

2.4 

7.2 

SO ppa NH 3 (ppta:l^) 

NOT DETECTED 

135:1 

13.6:1 

55:1 

1000 ppm CO 

NOT DETECTED 

1842:1 

303:1 

2157:1 

40 ppm NO 2 

-3:1 

-4.5:1 

-8.3:1 

-6.9:1 

26 ppm H 2 S/N 2 

0.67:1 

1 . 1:1 

0.98;1 


23.5 ppm NO/N 2 

NOT DETECTED 

37:1 

1 

180:1 


20.5 ppm SO 2 /N 2 

NOT DETECTED 

5.5:1 

386:1 

— 

Rise Time (90Z at 7 
ppm HMH) 

12 sec. 

81 sec. 

9-11 

sec 
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TABJ£ IX 


ELECTROCHEMICAL CHARACTERISTICS O^.^T^^RD AND 
HlQl PURITY GOLD ELECTRODE SENSOR 


CELL SIGNALS ‘ 




GAS/VAPOR 

CONCENTRATION 

Au-1* 

Att-2* 

Au-3^ 


BIAS MV 
0.00 

BIAS MV 
0.00 

BIAS MV 
0.00 

7.0 ppm MMH/N 2 
pA/ppm 

15.7 

1.9 

8.5 

ZERO AIR - pA 

- 0.8 

1.3 

0.52 

PURE N 2 ” - PA 

+2.4 

1.3 

0.51 

50 PPM NH 3 /N 2 I 

13.6:1 

32:1 I 

64:1 

1000 ppm CO/Atr 

303:1 

94,500:1 

47.333:1 

AO ppm N 02 /Air 

-8.3:1 

-1,454:1 

-1,639:1 

8 ppm NO/N 2 

180:1 

NO SIGNAL 

NO SIGNAL 

25 ppm S02/Air 

386:1 

33:1 

NO SIGNAL 

25 ppm H 2 S/N 2 

0.98:1 

0.9:1 

1 . 6:1 


1 

2 

y 

u 


ALL THE RATIOS IN 
All- 1 " Membrane; 
Au-? “ Membrane: 
All- .' ® Membrane: 


THE TABLE ARE: I’PM GA^/PPM MMH 
606-122, Electrode: S’.D. Au 
606-122, Electrode: EXP-HI’-Au 
606-121, Electrode: E>P-HP-Ao 
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TABLE S 

PERFORMANCE OP A UIGU PURITY GOLD WORKING ELECTRODE (EXP-EHP-1) SENSOR 


GAS 

SIGNAL OR 
INTERFERENCE RATIO 

TIME TO 
90X RISE 

Zero Air (Static) 

3.3 UA 

(-0.5) ‘ 


Zero Air (Dynamic) 

3.4 VIA 

— 


7 ppm KKH 

7 ppm 


10.5 Sec 

O.IS ppm MMU 

0.15 ppm 


150 Sec 

206 ppm CO 

14,237:1 

(12500:1)* 


23.5 ppm NO 

219:1 

(not detected)* 


38.4 ppm NO 2 

-1,196:1 

(1450:1)* 


50 ppm NH 3 

142:1 

(945:1)* 


20.5 ppm SO 2 

18:1 

(not detected)* 


26 prm H 2 S 

0 . 8:1 




1160 ppm Freon 

— 

(not detected)* 


50X CO 2 

— 

(not detected)* 


2931 ppm H 2 

■ 

(not detected) * 



1 ) 


Performed at potential 150 mV lower. 
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1,2, 2.5 and 5.0 mg/cm^ were evaluated. The results in Table XI indicate that the 
response to 1.1 ppm MMH was optimized at 45 seconds to 90% with 2.5 mg/cm* catalyst 
loadings. 

To further establish the optimum operating conditions for the high purity gold 
electrode, the electrochemical specificity was studied as a function of potential 
settings. Table XII is a suomary of the results based on the typical response of 
eight sensr.rs. C^timum specificity is obtained at a potential of 0.000 Volts vs the 
Pt/Air reference in our gel electrolyte. This potential has then been selected for 
use in all subsequent prototype instrumentation testings* 

In order to improve the sensors' lifetime, i.e., minimize the rate of evapora- 
tion, and to improve the response characteristics of the electrochemical sensor, a 
new configuration of the electrodes is employed. Figure I illustrates the new con- 
figuration. This new configuration minimizes the distance between electrodes and 
therefore maximizes response parameters. In addition, the new sensor configurations 
will be virtually attitude insensitive. It is also observed that Improved response 
characteristics are obtained when the sample Is pulled tlirough the sensor and 
plumbing before the sensor is as short as possible. (See Table Xlll for results). 
Figure 3 is a modified flow diagram of the flow scheme which is incorporated into 
the final instrument design* 

The steady-state current response of the high purity gold electrode was measured 
at various flowrates between 0 and 700 cc/min for MMH/N 2 for two different elec- 
trode sizes. Results are summarized in Table XIV and shov%'n in Figure It is ob- 
served that the sensitivity of the device diminishes rapidly at flowrates below 400 
ml/min as does the instrument response time, (See Table XV and Figure 5), therefore, 
400 ml/min was selected as the operating flow of the Insfrumont. 



• . TABLE %l 

ELEaROK LOADING STUDY 

0.(^0 VOLTS V* Pt/AIr REFE^NCE IN GEL ELECTROLYTE 


1.2 019 /ca* 
SIGNAL OR 
INTERFERENCE 
COUIVALENT 


2.5 tng/ca* 
SimL OR 
INTERFERENCE. 
EQUIVALENT 


5.0 mg/cm^ 
SIGNAL OR 
INTERFERENCE 
EQUIVALENT 


ZERO (STATIC) 

0.05 pA 

0.10 pA 

0.90 pA 

# 

ZERO (DYHAHIC) 

0.10 pA 

0.20 pA 

0.45 iiA 

« 

H 2 

0.20 pA 

0.50 pA , 

1.00 pA 

1.1 ppn HHI 

14.3 pA/ppm 

12.69 pA/ppm 

16.56 pA/ppm 

1040 pp«i CO 

28,000:1 

15,917:1 

9,383:1 

9 ppm NO 2 

315:-1 

659:-l 

923: -1 

23.5 ppm NO 

HOT DETECTED 

NOT DETECTED 

NOT DETECTED 

50 ppm NH 3 

3.750:1 

1,684:1 

358:1 

21.5 ppm SO 2 

. NOT KTECTED 

NOT DETECTED 

231:1 

response to 

901 

75 SEC. 

• 45 SEC. 

90 SEC. 
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TABLE XII 


I , • SPECIFICITY AS A FUNCTION OF 

\ ELECTRODE POTENTIAL* 


GAS 

-0.200 mn 
sieriAL m 
INTERFE^CE 
EOUIVALEMT 

•0.100 VOLTS 
SIO^IAL OR 
INTERFERENCE 
EQUIVALENT 

0.000 VOLTS 
SIGNAL OR 
INTERFERENCE 
EQUIVALENT 

♦0.100 VOLTS 
SIGNAL OR 
INTERFERENCE 
EQUIVALENT 

♦ 0.200 VOLTS 
SIGNAL OR 
INTERFERENCE 
EQUIVALENT 

ZERO 

(STATIC) 

2.08 iiA 

• 0.30 pA 

0.01 pA 

O.SS pA 

1.08 pA 

ZERO 

(DYNAMIC) 

- 2.20 iiA 

- 0.^ pA 

0.03 pA 

0.59 pA 

1.24 pA 

Hz 

.0 

• 0.00 mA 

• 0.20 pA 

0.17 pA 

0.69 pA 

1.34 pA 

1.10 PPM 
MiH 

9.63 nA/ 
ppa 

13.97 pA/ 
! ppa 

15.96 pA/ 
ppm 

« 18.21 pA/ 

ppm 

13.43 pA/ 
ppm 

1040 PPM CO 

79.561:1 

64.951:1 

35,519:1 

57,016:1 

61.602:1 

NO2 

102:-1 

367:-1 

1,460:-1 

9,D19:-1 

HOT DETECTTO 

SO PPM NH3 

NOT DETECTED 

31,475:1 

4,187:1 

533:1 

1,398:1 

23.5 PPM NO 

NOT KTECTEO 

NOT KTECTED 

NOT DETECTED 

463:1 

101:1 

21.5 PPM SO2 

NOT (STECTED 
• 

ROT KTECTED 

NOT ilETECTED 

74:1 

11:1 


* Potentials are listed with respect to the Pt/Air reference electrode. 




TABLE till 


. EPPBCT 0? FLOW SCHEME ON INSTRUMENT RESPONSE 


PLOW SCHEME 

Puffh th?u tensor 
(Puiip before) 


1st ICO ppb SAMPLE 


> 600 seconds 


2nd 100 ppb mm SAMPLE 


ISO seconds 


Pell thru sensor 
(Puap after) 


130 seconds 


95 seconds 


(All response tims noted are as tl»e to 90X of final signal), 



ADJUSTMENT 



FIGURE 3 FLOW DIAGRAM FOR THE TOXIC LEVEL INSTRUMENT 
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TABLE XIV 

HYDRAZINE SENSOR RESPONSE MAGNITUDE AT VARIOUS FLOWRATES 


ELECTRODE GEOMETRIC ARF.A 

FLOWRATE 

0.50 cin^ 

1.33 cm* 

(cc/niin) 

(VlA/PPM)* 

(MA/PPM)* 

50 

2.0 

4.2 

100 

2.2 

5.9 

200 

2.5 

6.7 

400 

2.6 

8.6 

700 

2.8 

9.5 

Response Time (90% Rise) 

72 Sec. 

105 .^ec. 


Electrode: High Purity Gold. 

Electrolyte: 10% KOH, 2% Gel. 

* Average of two separate measurements. 
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TABLE XV 


HYDRAZINE SENSOR RESPONSE TIMS AT VARICHIS 

FLOL’RATES 

FLOWRATE (cc/aln) 

SIGNAL (UA) 

RESPONSE TIME 
(901 RISE) 

SO 

28.2 

16 

100 

39.1 

3?.S 

200 

A8.2 

2A 

AGO 

56.3 

14 

800 

61. A 

12 

1000 

62. A 

12 
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FUJW RATE rc/mln 



In order for this device to be viseful for field oeosurements the instru- 
sent must be able to poseeae environtaantal stability. That is, the inatrusent nust 
retain its sensitivity and accuracy over long periods of tine and exhibit minlmun 
sensitivity to fluctuations in aobient conditions. The aero and span drift of a 
typical ppb level KHH analyser was teonitored oyer a 23 test day period and the re- 
sults are aumsariaed in Figure 6. For breadboard instrisiient prototype, the aero 
and span was laanitored intermittently for the first 12 days, both aero and span 
drift by no more than t .02 ppm. At day IS, the instrument was put on continuous 
testing for aero and span drift, aftet 72 hours of continuous monitoring, again 
the aero and span did not drift by more than ± .02 ppm for MMH concentration of 
.266 ppm. Short term fluctuations have not been monitored in this experiment but 
the short term effects of the instrument aero can always be mlnlmlaed by adjusting 
the instrument aero iomiediately prior to measurements by admitting a sample of pure 
air or switching valve to aero position to remove the electrochemlcally active gases 
from the inflowing sample. 

D. OPTIMUM OPERATION CONDITIONS 
i. Temperature Compensation 

A Tenney Environmental Chamber was used to evaluate performance as a function 
of temperature. 

The first breadboard prototype model ppb level hydrazine analyzer based on tV.o 
electrochemical oxidation of the vapor was evaluated for the effects of •■emperatuiv 
over the range of 0 to 40*C. The sensor and instrument output were monitored using 
0, 0.23 and 0.66 ppm of MMH. When cycled between 25®C and A0®C zero shifted up 0.023 
ppm and span was 5Z higher with both concentrations tested. When cycled between 25“C 
and 0*C zero shifted down 0.016 ppm and span was 15% lower with both concentrati or.< 
tested. After cycling, room temperature (25*C) zero was within 0.005 ppm .'^nd sp.«n 
was within 2X of their original values. These results Indicated the need for m.-. i - 
mnl electronic temperature compensation in phis instrument, (See Figure 7). Hewover 
after further development of the sensor, this experiment was repeated and different r. 
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hhUh W.T.- uUlali..-.l Wl.ld. ;.,.pearH later in th- text. 

II, RoHponae Time 

An observation made in the course of a linearity study was that the sensor s 
r.,po«s.-a, rapid 1= r,h.n».« of 100 to 200 ppO t„»o tro» 0 to 200 ppb. (So. 

Figure 8). 1818 Indicates that changes near TLV wile he detected cu>n tapldl. 

would be predicted by the tosponac tine specification since It Is noaented 
ch.«8. fro. tern ppn M«.. Tl.cre(ote. the ahUU, =t .he colt to respond to chanping 
proble. condition. Is better than the response tine sneclf. cation wonld Indicate. 

The sir. of the electrode also ronad to affect the respo..se tine (Table XIV,. Ke- 
epons. tU. 1. fonnd t. decease with the site of the electrode; however, the slf.- 
nnl/toncenttatlon ratio (uA/pp»> »lso deer..i,ed with the decease lo the eleettode 
site, therefore a cenptonlse of the two me tors n-a.t he weighed and an optlnon elee- 

erode area of 1.0 cm* was chosou 1.1 use vul; this cur.s. r. 

The response time as Indicuiod before, is also dop*'udfr.rw on the flownate of ,,.is 
through the sensor(Flgurc . 0 .) IVo ..^ecluiuL.ims .an account for the respiM.sc tu.e 
characteristic; (1) difteicnt rates for estahli shment; of steaiiy-stat.o 1 , 00.1 1 .ous 

, J -1 I ar,-,.l- irf ST <;0 OV rlllS O T Jl t .! OU .lud/of 

In the electrochemical seu‘-oi ao',. v... a.r..-.' . 

.j ifi i ■ ■•rt ' c i(';;'p*.’s due lo ad'^orption .luti 

position In the sampling syst.o;.. piao; .v 

daenuposltlnn tan he nlolnltcd hr oso of cn oplln.™ flcwrhfe and stClost saaplo 
systea, uolnaw- Hnwevot oven wlf, c.ph.ved >n the o,.h too... 

. I- i - I':-- ... 'i-.' (jf u'-.:li) secouil:! tor D.HM) ppr. .-.(ri- 

sor* response taimos an. * • •• 

. , . 1 1.,, .., . a 1 •. ,-h,-;ii-.!llv f.ctivi* on rerinln maleri.iU, 

plea. Further, hyiirazlne tins bi.cu .>l.i • i w. w . , 

- « I p > t- . > • 1 • ^ \ f I * . i ' ; i ill I i I • ^ ' i ' n s t r ' » ‘ * I V ‘I p ^ '' 

therefore an inert ma.erlai. idon •..oir piu.-,. t. 

tern components that com- intc ci-nu t -if the (nii..:.- > ‘s • 


OUIGlNA’d I'Aiil’a b lOOR 



RESPONSE TO CHANGINO CONCKNTRATirjN 


sc 


S 


S 
S 
At S 



TIME (MINUTE) 




I 


j TAni.l- XIV 

I 

I IIYDRAZINK SKNS(»K HI-.SI'ONSF. HAON I TUDK AT VARIOUS KI.OWR,\TKS 


KLKClROOi-: CKOHETRIC AREA 


FLOWRATE cnij_ 

(cc/tnin) ()iA/IM’M)* (uA/Pl'M)* 

50 P.O {,.2 

100 2.2 S.t) 

200 2.5 f. . 7 

400 2.(' 8.6 

700 2 . E 0 . f, 

Response Time (907; Ri.so) 72 105 Sec. 


Electrode: High Purity Coid. 

Electrolyte: lOS KO!i. 27 , Go!. 

* Average of two soivn .iio ::io.t:'>irfm('ni . 


RicpR0"'UC.'=’.;. :i i ot-' the 

0R!GIN.\L r.'.:;;; IS POOR 


FIGURE 5 h.DR/\ZINE SENSOR RESPONSE TIME AT VARIOUS R-OWRiXTES 
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ill. Saturation 


To determine Che effects uf satuvntinf- the aiialy^.er wltli a high concentration j 
of hydrazine* a spill was simulated by pr^'paring a 70% ^2^4/30% IloO mixture in a 
closed vessel and drawing the vapors above the mlxluro. into the intake of the instru- 
ment. The Instrument became Instantaneously saturated upon Introduction of the sam- 
ple and could not be used for further analysis oC ppb. levels of hydinzlncs for approxi- 
mately wo hours after removal on tlie sample. The characteristics of the li.strument 
were the same after recovery as they were prior to its saturation, indicating that 
if the analyzer were exposed to a spill It could be reused v»ith good reliability 
after a two hour recovery period. 

The magnitude of the sensor response dependent on the vapors concentration 
and the type of the vapor flow thror«y,ii the censor chamber. Tne roiativo response of 
hydrazine, >iMH and UDMK on pph level insn unc-r. which lias been calibrated with 0.288 
ppm of MMH is summarir.od in (Table 
W E. ANALYSIS /\ND HANDLING OF H\*PFKCh)LIC VAFOkS 


One of the most essential phases in the fleve K-piiuvar of new recunoic^gy is the 


development of a successful i 5 Mp le:uer.n.: i l.uu j'Cl^cn‘C ior 
of the hypergolic vapors, tlie reou i rcj iiju t is t'^r j.-h-.: 
field functional testing and field calihrai {;m. 

The calibration of ih.c- M:-3( analyrer rv julics H... 
MMH and UDMH vapor mixture and *Vclr .nialysv- by , -.r, 
A dynamic dilution sysunn has i- ‘en r iiv:d. ia a ;'ia 

vapor mixtures of hydrazine, m. lu^mar !iv 1 hydvaz i ne and 
The dilution system and Its opornrlon ni(' stum ar i r.o>d. 
However for ppb level hy d»*rt z Ine'^ vu'iv.m at i ni . Mm* 

found to be inadei|uatv. To -J-u*' Mi » i=.a*!c 

zines has been Kin-Tek’'-^ po i i-u'r. t i . u lah*. *; vhm 

system in an operating win’*** tha p‘‘ < * • • 

■ ; * - : . V ( 

i\n)K 


the technology. Ir. the case 
r alary calibrat ion procedure:), 

y enc ra 1 1 on and a na i.y s i s of H , 

. I p. d a r d p «a. a ] y via a .1 t e c h s'! i q ue . 
viono Import (5 1) to p.cncrate 
unsyrruM r ica 1 dim-nliy I hydra zinc . 
1 »'* Appoiuii >: ii. 

■ivnamic hiilutton syst.cm va.s 
of low J'.'v il (pph^ hvd. ’ ■ 

• r?:? thoM* nMuision tvil i n ra i ion 

• ’ t . ». 1 V i n i • t : ana 1 y :•*' r . 
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TABLE XVI 

THE RELATIVE INSTRUMENT RESPONSE RATIO FOR H, MMH, AND UDMH 


GAS 

CONG. 

(PPM) 

SIGNAL (uA) 

RATIO* 

(GASrMMH) 

MMH 

.268 

.288 

1. 0:1.0 

H 

.254 

.269 

.944:1.0 

UDMH 

.250 

.108 

2.315:1.0 


* Ratio is defined to be the PPM of gas equivalent to the signal of 1 PPM MMH. 
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The permeation tube method of preparation of low concentrations of MMH was j. 

evaluated. Over seven days the device output concentration was between 1.2 and 1.8 
ppm at 400 cc/min of N2 and short term stability was much better as shown ir. (Table 
XVII). For comparison, gas emitted from the permeation tube at 60®C was collected 
for 2 hours into a midget implnger containing 25 ml of O.ION HpSO^ and analyzed 
color imetrlcally for MMH. Calculation of the eiuission rate in nanograras per minute 
yielded results in fair agreement with those specified by tha tube manufacturer. 

Table XVIII shows the stability of the permeation tube over a two month period. 

Utilizing the permeation tube with varied N2 flows passing over the tube, differ- 
ent PPM concentrations of MMH were generated from the Kln-Tek*s precision calibra- 
tion system in an operating mode where the hydr:-.zlnes proceeded directly into the 
analyzer. Five concentrations were prepared by using the thermostatted Kin-Tek per- 
meation tube calibration system. The instrument was calibrated with a 115 ppb mix- 
ture and measurements were recorded with the more concentroted sample. Y (ppb MMH 
found) was fitted to following least-squares line as a function of X (ppb MMH 
measured by the instrument): 

Y » 101.9 X 13 ppb 

The standard deviation of the points from the lino was only ± 2.5 ppb which 
includes the uncertainties in aam|. le preparation. 'Hicse results confirm the linearity 
of the instrument during low range detection. Single point calibration Is, 
therefore, possible without loss In accui acy (See Figure 9) . in this range. 

F. PROTOTYPE INSTHUMEIJI 

With the optimum operation conditions, most serjsitive sensors, and stable cir- 
cuitry established, the prototype Instrument v;;is assembled. Its sensor exhibited a 
typical background current C'f 0.7 iiA and n smu: I tlv i t v to >1MH approximately 16 
pA/ppm. Tills indicates a liackguMmil signal eqaivnlent t *0 ..t|q)roxj.nM teiy bU ppi^- 
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TADU: XVIII 


LONG TERM STABILl'n’ OF T!IE PEFMKATION TUBE 


NO. OF DAYS 


TEMFERATURE 'C 


QlMH ] PPM 


EMISSION RATE 


Emission Rate (ng/ml:i) = 

Hi nu r.e s Co i ie c c ed 


1,115 

1,«.46 


937.5 


1.625 


1.427 
; , 396 


Rate as spe 


eclfied by mani'fer.tMrev •' ny,/n;In bO^C 
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■n>« sensor* rR.MH~vK>lU, u rise tiia«i ,.f socoiui-- {.v uot of sin«i*l «nvl a 
decay tloe of 50 socsnuls ;o 'JO; o» sig.wU viu-., tosi.ni .u .'WH coui Aw 

of saaple gas flow. A typical u'sp.'nsc is shown ^^^ iFljic.ro 10> viu'ie the artvv In- 
dicates exposure of sensor t.. the iC‘.h/y, aix.uro .;nd u,en OMposure to ro^.« air. 
The initial signal froa tho sousor is nr.rriy lnst.<ntnucovss vhlU' the attainoent of 
steady-state occurs only s.'vcral raimaos. 

A picture uf the resulting Pi'h ievoi hx.irarluo analvjor is shov,r In hlgurxs 15. 
By reference to Table 5ilX. the control functions of the instruz^nt con he «nder.trv«d. 
The analyser Is contained In a durable i.et,-U case. All .^ncr.ainc adjustovuna are 
mounted on the from face of the instruncm. Two levels of controls to the left 
the LCD display readout; the upper level co.,:.,ico: ovit.-l,.-: for Fvc.ru and ftATiTsV -IST 
while the Wr lev-el ceniaius rrv.ThW TV;sV. - V'-tNMU>N' and WitNMTS' .5 r 

switches. Dlrectlv above II on'/otk swi t . >•. i- a .,-d ai.-\FM UUUT. He low the 

display readout are calihvati.«» .oijustmen: x t >r sr-.v. j;pj^ j , 

right of the display readout is a «mltl-pir. ><• ,>-ve,el. root rooorder cor.uee; t ,v. 
Jack. A receptacle ri^ht (J>. ;ootv;,^ 

the batter%‘ cluire.er tc :>v' r« 5 r 

extreme right of the i n->t .v-,. , :u- - i,* .. 

and a f!ov indtvator. 

The flow adj\tstr>^iu v .vt*' . 

analyror. Hie left anJ ^ - x.ii.i • « «. ^ 

hau«;t i ^ 

ure i:; iliusirates how tt.e t.;:;: ; >.rt i- ,* j - 

structure and l.oout. tp.onaicr -or,-o:..-nts t o,. ;.o, .outuned in the r .■ 

half .are the Teflon s.trrle in; -ii-.* .... • •. 

lowor h.alt Ov^ntait:-' ; j »» • , 

• * ' •’ ‘ t^i' r«« * .M ‘ 

battorx' pack, pow;;> a»v' ,v 
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FK;URE 10 MMH RKSPONSB FOR PROTOTYPE TOXIC LEVEE MMH DETECTION J N.VIRtJMKNT 


FIGUKK 11. 
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XIX 

1 

OPERATING CONTROia AND INDICATORS OF THE 
PROTOTYPE HYDRASINB ANALYZER 


OINTROI. UR INDICATXIR 



FUNCTION 

1. 

Povrar 



Tuma pump on and off. Supplies powt.' 
to all circuits except potentiostat. 

2. 

Battery Tester 



Checks battery condition on LCD readout. 

3. 

Alarm Light 



Illuminates when an alarm condition is 
reached. 

4. 

Function Test 



Checks electronic circuitry, alarm light, 
and horn. 

^ • 

Display Illumination 



Brightens LCD readout for easier viewing 
in darkened areas. 

6. 

Horn ••ON/OPr* Switch 



Used to silence or activate audible alarm. 

7. 

Gas Level LCD Readout 



Indicates the level of hydraclnes in 
parts per million (ppm). (See note below). 

8. 

Span Adjustment 



Used to calibrate the detector with known 
concentration of hydrazines. 

9. 

Alarm Set 



Used to set the level at which the audible 
and visual alarms will activate. 

10* 

Zero 



Used for the precise setting of instrument 
zero. 

y \ 

Recorder Output Receptacle 



Provides power and analog signal to strir 
chart recorder on 0-1 volt full scale output 


ZERO 



Allows **ZER0** Air to pass through sensor to 
establish instrument zero. 

12. 

Intake Valve OPER. 



Aa.1ows for sampling ambient MMH and cali- 
bration. 

13. 

()liarnln>» Receptacle 



Used for receiving plug from charging unit. 

14. 

Flow Indicator 



Green marker pops up to show flow through 
sensor Is activated. 

15. 

MMU U.lake 



(ouples with the probe to sample ambient 
air and remove particul.atcs. 

1.6. 

Flow Merer 



Indicates flow past sensor. 


Flow Aiijustm^'Ut 



Kegulates I low past sensor. 

18. 

NOTE: Since the Inatriinienc 
the concentration of 

can 

the 

analvze 
gas for 

1 •• 

Furahlc, impact rosisrant proiortivc in- 
strument housing. 

H, MMH, or UDMH, the LCD reading refers to 
which It is calibrated. 




y' ■ 

/ .J ’ 

' V 

RKlTvO' 'UCIT/ .!Y V ( »P Tilli 

onK;T::A’. rA-’<i: is rooR 


i MU'jivi'L a'.a: !/i i.ay-mi i 


The e.sscnclal parts of the Instrument aie the electrochemical sensor (ti 
Jucer), a pump, electronic control and ampllMcatlons circuitry and are lllu t i 
schematically In Figure 13. The pump draws the sampled vapor mixture throm;' 
intake and Into the electrochemical sensor constant flowrate. The sens.jr tl»u • 
analyzes the vapor mixture producing an electric current which is proportional .» . 
concentration of hydrazine in the vapor mixtures. That electrical current Is b. I 
amplified and displayed on an LCD display showing the level in parts per nlllleu, o 
schematic electronic block diagram for the PPB level MMH detection Is shown \ i I 
ure 14. A detailed description for the electronic circuit block diagram can *■ - 
found in Appendix IV. Representative responses at room temperature are shown ’ > 
Figure 10 for 250 ppb of MMH in N 2 . The circles mark the 907. rise and decay r ;• t-- 
and these are within 50 seconds of vapor mixture exposure. The precision of ‘ 
analyses was ± 1% (Figure 15) and both precision and response times were Foun.'. ; : w 

Improved at higher concentrations. 

The instrument response was determined for several MMH concentrations and the 
results are shown in Figure 16. A linear least-square analysis of the data in- 

dicates that the instrument response is linear in MMH concentration wltttiu ila <‘-..k r-. 
ment.Ml uncortalntles in tho measurements and yields a eorn*!atinn coi'f f i oier.! • ' 
the 0-2 ppm range. The noise level on the instrument was less than 1 ppb MMK 

Studies of the effects of temperature upon the performance of the 
'•• rument for hydrazine analysis were carried out in an environmental i li.K-.nev . i 
observed previously (11) at temperature below 10®C, water vapor and bydrazii. 
condensed In the Instrument Intake tubing and it was very difficult t«> obLaln . 0 .' 
rate and representative results. Special precautions were taken to utili.-.e a: 
dry gas mixtures and exclude room nlr from the environmental chamber and ih. 
level analyzer. The results of these exporiments are reported in Figure I. T' • * 
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FIGURE 14 SCHEMATIC ELECTRONIC BLOCK DIAGRAM FOR THE LOW LEVEL MMH DETECTION 
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FIGURE 15 PRECISION STUDY OK THE PROTOTYPE TOXIC LEVEL MMH ANALYZEK 
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FIGURE 16 LINF-ARHY STUDY OF T|{£ PROTOTYPE TOXIC LEVEL ANALYZER 
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8or output (Figure! 17) nxhJ.Mts only slight v.irlation Iroin 0~20®C hut. shows 
variation of 23-35% over the temperaturo region of 20-/40^C, More Itis n**..inonl 
Ings and data has to be obtained before a proper temperature rMinpeii -.ar i t'n ran 1.** 

Incorporated into the instrument. 

Instrument zero changes (Figure 16) of ± 100 ppi> are observed u?lr»g tills in- 
strument but this poses little problem since the instrument can easily be zeroc'd in 
the field immediately prior or subsequent to vapor mtiasuremontR . 

The zero and span drift raeasurenu!nts are conpl i.C£.tod ^h\cct there is a simul- 
taneous time dependence for zero and spaa drift occurr.inv. ^long with rbo tampiir.v- 
ture measurements. The zero drift of an in tern! t tent ly operated pph analyzer va.s 
4 ppb over a period of / days and the span drift ^^Jas 5% over the same period. 

These drifts are necessarily Included in liie reported tC!;»peraiMir» r.ieasurcments , 

From the descriptive Instrument data collected, tlie general iastru::tent sjo. • 1- 
fications are given in Table XX and XXI. Ily comparison l t’n '^'able ' and 11 i < 
DUCTION) , we note chat the design goals of the program c::cei>t the :*e •pease 
have been achieved. It 1.^ also LveovraiU' to poln. t cut that the zero and sp'n •a-'-ci- 
ficatlon giv'^n In Table XXI :w.e valid under tynica; ;.unbici*r ai^* temneratuie v;*.**.'!- 
tions . At extreme temperature cencl*i''os zero and sjjaj: 'cv.iaiio’ •: u-jil be ex." od 

as no electronic temperature : oinpe;*.^a t ion ‘‘.js • :h ’ r-pM*a. •* ^'d ir- '*•/ \:\>[ i x:i ?\i 

this time. 

In any field use. ttie s- i -jc l i •* i ty ‘cm do tec C iUc • '.Mp..-; ; ;v * i . . 

presence of oilier aUiK-'iJhev ir - us t *! t non r ; ir i; •; ‘"'.u • i ‘.no 

raent. 'fhe Interferences due to selected p'^JUitanis fur: tiiir. ! i., h\ ;J i ;m r-». .vi- 
sor are gi\*en in Table XXI*. T»«e major inter } t'reu.’c Is r;"it»d lu h,* inM.-i* 

constituents of ambiunl a!r uim'ly. N?. C>y, ;,,.y -m , i y,:-; ; .. i t h ju;*. 

sen.sor and hence »to tu'*L iiuui:u e -..'iib i }"• vaeo, iu.ii*.:; : 




OUliUNA!. I’ 



1 V uF 'nil-, 

is V’lK'F 


Hooa ST 
Tinx >30 A.ll 


lU.t iU 



FIGURE 17 FROTOTYPE TOXIC LEVEL ANALYZER SENSOR AND INSTRUMENT 
RESPONSE MAGNITUDE AT VARIOUS TEMPERATURE 
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TABLE XX 

PROTOTYPE TOXIC LEVEL INSTRUMEHT DESIOI SPECIFICATIONS 


Descripti on 

IHSTBIBtENT TYPE; Portable, Single Readout of tSIH (H or 

ISMH) Vapor Concentration In air or 
diluent gas. 


SPECIFICITY: Sensor responds to all Bydraslne types 

(H» KHU and UDMH). but does not differ- 
entiate between them. The unit Is 
calibrated for the particular gas of 
Interest. 

EAtlGS: 0*2 ppa with 1 ppb resolution. 


SEKSITIVITY: Readable to ll ppb. 

Audible horn and vlalblo light, adjust- 
able trigger level. 


TEMPERATURE RANGE; 0-40* C 

RELATIVE HUMIDITY: 10-95X RH (can operate at O-IOOX RH but 

la designed for extensive service between 
10 and 95Z RH). 


DIMENSIONS (Maxieisa): 21. co 30.S ea x 10 cm (8.27 in x 12.0 in. 

X 3.94 In.) 


UEICKT (includes case and strap): 5.0 kg (11 lbs. .4 ox.) 


RBADOUt; LCD DPH with 3*j digits. Recorder outputs 

provided. 

CONSTRUCTION: Ruggedlted, hazard prv>ofed. Insensitive to 

changes In position. 

POWER: Battery, 8 hours continuous, with pro- 

vision for recharge. For hour toi.*l. 

ClIRREST DRAIS-NOMINAl.: OFF. 0.003 A; OS. 0.110 A: on (with fuU 

alarm 0. 310 A). 
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TABLE I 
DESIQ< GOALS 

PORTABLE HYPERGOLIC VAPOR DETECTION LNSTRiaiENT 



COAL 

INSTRUMENT TYPE: 

Portable, Single Readout of 
Hydraaine Vapor Cone, in Air. 

SPECIFICITY 

Senoor respondii to all Hydrastna 
types (H, lOM and UDMH), but need 
not differentiate between thea. 

RANGE: 

(K2 PPM vith 1 PPB resolution* 

SENSITIVITY: 

0*0S PPM minimum detectable cone* 
readable to 1 1 PPB* 

TEMPERATURE RANGE: 

0-40*C. 

RELATIVE HUMIDITY: 

10-952. 

DIMENSIONS (Maximum): 

3” X 8” X 16** * 

WEIGHT: 

< 12 lbs* 

READOUT: 

1 

Digital* readable in sunlight 3 
digit resolution* Also provide a 
recorder output* 

j CONSTRUCTION: 

t 

Ruggedized* hazard proofed* insen- 5 
sitive to changes in position* 

POWER: 

Battery* 8 hours continuous* with 
provision for J05-I25V AC power/ 
recharge Jack* 

AIAKM: 

Audible alarm and light alarm* ad- 
justable trigger level. 
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RESrONSK TIME (to 90% of 
reading change at 0.1 mi 
or above): 

ACCURACY (at 0. I PPM or 
above) : 

PRECISION; 

ZERO DRIFT: 

SPAN DRIFT: 

NOISE: 

INTERFERENCES: 

CAS 

NH3 

NO2 

FREON 

CO 

N*2' ^2’ 

Hr, .Ulil Cc - 


COAL 


30 seconds 

* \ OX 

i\S. 

* 51 F.^5. per day 

* 1" F.S. p.>r <i;^y 

' 1' F.S. per d.iy 
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TABLE XXII 


INTERFERENCE EQUIVALEMTS OF SELECTED POLLUTAMTS 


GAS MIXTURES 

KEKDim DUE TO 
IMTERFERENT ON HMH 
IN PPM 

INTERFERENCE RATIO 
PPM INTERFERENT • 
PPM MMH 

.288 ppm MMH 

.288 

1:1 

46.3 ppm N02/Alr 

.008 

5787 

2931 ppm H2 

.002 

1465500:1 

lOiS ppm CO/Alr 

.012 

84583:1 

SO ppm NH3/N2 

<.019 

2631>:1 

46.6 ppm NO/N2 

-.004 

-11650 

21.5 ppm SO2/N2 

-.004 . 

-11650 

902 ppm H2S 

.860 

1.049:1 

10* ppm S2 

-.004 

-11650:1 

1060 ppm C02/Alr 

0.00 

0 

1160 ppm Frcon-12 

.002 

580000:1 

Air 

0.000 

0 

19.4 ppm C2H4/Air 

0.000 

0 


I 


In order to sample specific locations at a distance from tl«e Instrument In- 
take. a remote sampling probe (Figure 19) developed and described In a previous rt- ' 
port (11) was used and evaluated for the instrument. Tlie response of the ppb level 
analyrer Is shown In Figure 20 for 200 ppb MMil with the 5 foot Teflon probe attached 
to the instrument inlet. Tlie response Is the s.acie nuignltude as the Instrument with- 
out the probe except a slightly longer time Is required to achieve the steady-state 
signal. This means that calibration of the instmcsei.t without the prohe, will not 
cause error in the field when sarajillng with a probe. However It Is roconiroonded to 
calibrate with the probe In place since this will also ensure proper probe pcrform.aaco , 
The activity of the MMH sensor for all the hydrazines l.e.. H, ftMilj and UDMH are 
measured. Results are simunarj zc.: In Table XXI H. A know ledge of this activity will 
allow one to calibrate the inslru-iw^nt for eltbor il. or liDim and hy Introduction 

of an appropriate scale fraction oMalning an accurate r.oasurement for each of these 
vapors. The ppb analyzer x.heu calibrated for tWH vrlll be calibtaied for H by multi- 
plying the observed MMH reading by l.Of,. and will be calibrated for UDMH by multi- 
plying the observed MMH readings by 0.37. Tl,.,se c.a libra (Ion factors are accurate to 
i 102: at present and arc apnl.i.able In the linear -.ango of d.e instrument. How. ver. 
long term drift and temperature cb.-- ret s>rlst Ics ol these anlvsc..; have n.jt bee-, 
pletely verified. Contlimlng effects have been sndei taken to t! ‘'ine the cross-rnli- 
bratlon fractioc in order to be ..b)e to cert.iiv <or and allow uTurate 

field measurements of all tb- bv..t>a,-;r.es wtib or.'.- .a r.i-. d-r c.ai ibr.ii 

Hydrazines (H. MMil. nwi) irnl ioiw, cs t I i«;l..^.l ;<> undergo oxida: ; de- 

composition in air ( 12. 13. U. 1*. 1 . Kccently. we have observed th.U the toxic level 
analyzer does not give the .s..me response to MUt! In ai i and in in the sampling 

sy.stem. Independent ly N.A.SA (lul hd obso:,-.: suits. h, order to verlfv 










PICUK£ 20 


EFFECT OF RHI«TS SAMPLING PROBE ON HMK RESPONSE 
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TABLE XXIII 

THE PROTOTYPE TOXIC LEVEL AKALY2ER RELATIVE 
RESPONSE RATIOS FOR H, MMH AND UOQl 


GAS 

CONC. (PPM) 

SIGNAL uA/PPM 

RATIO (GAS: MMH) 

MMH 

.250 

16 

1:1 

H 

.254 

17 

0.94:1 

UDMH 

.250 

6 

2.7:1 


* Ratio Is defined to be the PPM of gas equivalent to the signal of 1 PPM of MMH 
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that the difference in Air/N2 reading 1 b due to a BamplinR dccoroposlt Ion problem 
rather than an artifact due to the ele.ctrocheialca.l sensing approach, the following ex- 
perimer ts were undertaken. In one set of experiments, the M^fH permeation device is 
allowed to equilibrate in air ovemigiit, the MMH/Air mixture Is then Introduced into 
the electrochemical sensor directly from the permeation system. Iho experiment was 
then repeated with N 2 as the diluent gos. For comparison, colorimetric determina- 
tion of the MMH concentration 1 b alno recorded. Results for this set of experiments 
are Bummarized in Table XXIV. 

It can be seen that bot!» colorimetric and electrochemical measurements give 
significantly lower MMH concentrations in air than in ^ 2 * Ihe lar^;e concent ration 
difference observed in air can he attributed to the fact that a high temperature for 
the permeation device (60®C), long equilibration time with air and low concentration 
of MMH used all, maximized the decomposition process. To further support Uhls hy- 
pothesis, another experiment was performed where the MMJi stream in N 2 from the out- 
let of the permeation system was mixed with either air (20% oxygen) or N 2 through 
a Teflon T-joint before it entered the elecurocheTuic.al sensor. At all concont rations 
studied, no difference wa>v observed for the MM:! concentration readout in air or In 
Nitrogen (Table XXV and Figure 21). These experiments clearly support the Ideas 
that: 


1) Significant oxidative decempositien had occurred In the permeation dovlcn 
at the experimental conditions Jf air v;as useil as the diluent: gas, 

2) Color Imctrlc. mo th.ods for detection ol‘ Mt1!i lack spociricit.y and are generally 
not sensitive to concentrations < .25 ppm, 

3) The eloctrocliom i.ea 1 senf;»n; Is selective towards M-vH, and only MMi!, wluM:iu*r 
In N’2 or Air, .anti not ita air d.-^cvnr.nosi t ion prxoncLs, 


OF il,.. 
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OniCIXAL IV.G 


ii i' OF TUB 
is POOH 


TABLE XXIV 


COMPARISON OF ELECTROCHEMICAL AND COLORIMETRIC METHOD FOR 
THE DETERMINATION OF HYDRAZINES IN AIR AND IN NITROGEN 


CONC. (PPM MMH) 

CONC* ANALYZED 
LCD READOUT 


COLORIMETRIC 

ELECTROCHEMICAL 

.288 (AIR) 

.0575 

.0275 

.288 (N2) 

.288 

.288 

SIGNAL SIGNAL 



MMH (AIR) MMH (N 2 ) 

0.2:1 

0.08:1 
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TABLi: XXV 

COMPARISOS OF THE rROTOrVPH; TOXIC LF-VI-L /‘.VA'.YZXR REF 
TO M?:H in AiK AND IN Nm'ROGKN 


CO.N’C. MKH (PPM) 
(FROM PERMEATIOti) 
DEVICE 

AIR . 

L '.D KKAIX’VI 
(PPM 

K2 

' -H Hi- 

VHi / UD: 

.309 


.370 

: : i ' 

,^47 

.4A8 

. 46^ 

. 

.577 

*57: 

. 3 3 

^ ^ J 

.665 

.670 

r. 

. :» - ( 


P e rT?.ea l ion f 1. o v r p, t* (' : 0 , '3 •. / r i. : t . 

Air or No lMo’-*raLe: »8 '/niw. r j .9 .rl/tnlii. 



V 



TIME (MJMJTKS) 
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4) Reliable cailbratlon ot che ln:st.v\s.r,;'nt shv;>ul^i hr i\ox\t. u^Suij 

hydraftlned/tn nitrogen siiKrures 
CONOi/JSlONS AKD ReCO^!MS:^t^V\TiGNS 

A prototype e.lectrc^che??.lcaA rvr^.T^nt \^y^\ 'ivucr^oVit 

denoing hea been -*evciopc'<t, d?^t^ii;ned^ fx»br.lca(.t’'.J nnd tt^s^iod* Ac». c'iispcrv v'^ud 

aupporttny; technology has Hie lu r\vrc>nr.«:, v v'vssiew ty*:>;urc 

consists of a 5 foot rJli Tet 'on fivi2:j>4 1/.;: ;‘r*:hc, a i .;c'v , ^^ \)i\ rr— 

corder and the protocyp?' Cvvlr. c?i'oi*vV'^:ijr . Tivli; t ^'.:itrurvnc Is ca:-:;h‘J*' of ?o;ird'l^ 

oeddurv'^&ent of K, ^C1H, Vrt*?^< ;-^t 0--r rit t u-ur' U * I S : v;:,N|uf ion v'. .'Vi Vx* 

that Che Instrur^eat iJi Vc Vv caH*>vnt«v‘ o:rh rhe o; i* .v.v‘ t\u- Ahso vvo 

of Interferences fees :hc ?>the: v dv; Ir.v: ne.u?uve.^'r t < . f\ i he t lc.e 

re<;alve*a^::ir , vhic:^ rooiviro:> fisnhc'r -!o\ t , . . the ;* t 'vee v:eei>; vh;:' ;mvc^cvv’^ 


requir*»d deelgn i:hih^e \\\ i * X\ 

The eloctrochersloai h s -een esta: .! e ‘ ; 'vsu \'uvn,:^ 

ar.AlyUc.ai method for detc:^zl: ..'5t ton tv,:. ' level w h . ^.i; v ;n ,;lr e: u v 

diluent sAS . It'^ ttly:h vh*-v;^e e: ^ : :v .*.1 v ’ ' • , v^•.• thv' ^r. '« • ^ 

torinc v'f :hi'se v.*rcv:f .r v ' ' 

l>roced\ncs ici‘ ti.e tex'. t \ : ' . \ . t ^ 
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V '^ paht . * p »' : : 'w - • 
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TABLE KVl' 


design goals 

PORTABLE HtPEISCOLlC VATOR MTECTION SENSORS 



GOAL 

SPECIFICATION 

IMSTRlBiBKT TYPE: 

Portable. Slxigla Readout of 
Hydratlnee Vapor Cone, in Air. 

Accomplished 

SPEClPICITt: 

Sanaor responda to all Hydra- 
tine typea (H. MMH and UDMH), 
but need not differentiate 
between them. 

Accocq;>ll9hed 

The unit Is call^ 
brated for the 1 

particular hydra'^ ] 

sine of Interest. i 

RA}%E: 

0-2 PPM with 1 PPB resolution. 

Accoeplished 

SENSlTlVirf; 

0.05 TPM B-.nlaua detectable 
cone, readable to s 1 PPB. 

Acconplished 

TEKPERATURE RANGE: 

o-vo^c 

Accomplished 

relative HUMIDITY: 

10-951 

Accocpllshed 

DIMENSIONS (Maxlmua): 

8'' X 8'' X 16'' 

Accompli shed 

8.27 X 3.94 X 22.0" 

WEIGHT: 

< 12 lbs. 

Acconpl talked 

n lbs. 4 or. 

WlATOU i i 

In sunlight 
i dl^lt rcsoUitli'n. Also pro- 

1 

j Acconplished 

1 

t 

vld^' e rcvordor output. 

1 

j 

1 

CONSTRUCTION: 

Ku>;goauod, hur.Ard proofed* 
lx\se:\slttvo to changes in 

1 Accor.pl ished 


post t ion. 

1 

! POUKR: 
1 

Rattorv, hours cont inuous* 

; V 1 1 h p to V 1 s Lou f o r 10 > - 1 * 5 V Ai . 

! 

; Xci'oirp I Ishod 

] 

1 povv r / r t' c ha r go. ^ a c k . 

i 

i ALARM: 

1 AudlWo alaru light alam, 

■ .\d|u>taolo ttiggor )ovel. 

1 

» 

i 

.\.'v orp 11 shod 

\ 

1 

• 

‘ 



I 


I 

{ 


I 


Z48U mu 

IKST&l^Srt 



I 


I 



GOAL 

SPBCIFICATXQH 

I 

BSS?0»SB TIHB (to 90X 
of roadiog chaaga at 
0.1 PWl or abova)i 

30 aecoBda 

1 - 3 . S tBlautes 
Virtually Isaadlats 
roaponaa to ZSZ algoal 
and 4-7 elautas to 99- 
lOOZ signal . 


ACCURACY (at 0.1 PPM 
or abova): 

i lOZ 

Accoapliahad (Dependent 
upon accuracy of cali- 
bration Bathod and within 
precision of Inscruaent. 

1 

k 

PRECISION: 

t IZ P.S. 

. 

Accoopllahed, 


h 

1 

ZERO DRIFT: 

^ IZ F.S. per da^ 

Accoapllshed, 


i 

} 

SPAN DRIFT: 

< IZ F.S. per day 

Accomplished. 


\ 

t 

I 

NOISE: 

^ IZ F.S. per day 

Accomplished. 


i 

i 

k 

-NTERFERENCES; 

Th^ following gaoQs will give the Interference ratio 
shown or greater: 

1 

1 

GAS 

INTERFERENCE RATIO GOAL mtmtwim 

typical 

1,000:1 

t 

NH3 

100:1 

150:1 

1 

l»2 

100:1 

150:1 

1,000:1 

\ 

5 

FREuN 

1,000:1 

NOT DETECTED 

M>T DETECTED 

t 

Uw' 

1,000:1 

3,000:1 

75 , 000:1 

1 

NO 


5,000:1 

NOT DETECTED 


SO^ 


200:1 

NOT DETECTED 


H2 


500:1 

NOT DETECTED 

t 

N?. 0^, Ar, He, 
ai^. COj, FREON- 12 

NO RESPONSE 

NOT DETECTED 

NOT DETECTED 

( 

1 

H»S 

1 


1:1 

1:1 



75 


Prescnc limitations of the. ocnalnj?. technique nr. i.;''’ = ificlty, response time, 
sensor lifetime, and expanded detection ennses. -njeac characteristics can be Im- 
proved by further sensor developments, and more field testings along with Inprove- 
«»eni8 In accuracy, environmental scabliity, sensitivity m-.J attitude insensitivity. 

The permeation tube method of preparation of low concsntratlcn cf hydrarlne.s 
w.« evaluated and its reliability was established by comparl.son with both color I- 
metric ana eiectrochemlcsi methoda. The clectrochcmlca i method is further ostobllr-hed 
to be taore selective than the colorimetric method to> .rds hMH dorecticn. Calibration 
of the prototype toxic level analyter ir. thus recor-r..ri;dcd to be done with bvdrarine 
mixtures in nitrogen, as cxldatlve decompoaitton oC hv.irsrlne has been sho.n, to occur 
In the presence of air. The prototype instrvr-.or.t ul?-' s! ■ vs no '.‘i Cf»roncv in r.= - 
eponaa to commerclai hydrarinea or air force grade rt-reilant b>dr«zln.n. •ncuro 
appllcatlora of electrochamlcei sensing tcchnnlogv ill ' o T,>dc the dev. I -prtenr. 
of analytical Instru-mentatlcn. dofilme.ters a.nd sale', “.or'trr.s ior .hvt^-rg.- i < • ■ 
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APPENDIX I 

OPBSATIOK OP PfimfSATION TUBE CALIBRATIC^ SYSTEM 


A ptratation tuba calibration aystea is nacaaaary for continuous generation 
of hydrasinee vapor eisturea between 0*010 PPM and S.OOO PPM. The properatioh 
of accurate and preeiae low concentration vapor blende using seeled per^ation 
tubes requires accurate control of the absolute teeperature of the peraeation tube» 
prociae control and accurata eeaaureisen^ of the diluent flowrate and careful 
selection of eaat^rifils in contact with the low concentration blend* Figure 1 is a 
flow ache&atic of a Model 670 Kin-Teh Precision Calibration Syotea used for this 
purpose. 

The oyatea operates by maintaining a constant te^erature at which a pennea* 
tlon tube eeitte a known weight of the vapor at a constant rate into a diluent 
streaa of 99.9998X ^ 2 * N 2 was aoat frequently used as the diluent since hydraelnca 
vapors were foiaid to be caore stable in N 2 chan Air. A controlled flow of the dl** 
luent gas passes through a preheating chaiober which is used to warm the gas to the 
eaos tesperature at which the tube is therooatatted. It then passes through the 
pen&aation tube glass chamber where it picks uo and mixes with the vapor. The 
blended vapor then exits the system and is connected directly to the analyser via 
a manifold which allows venting of excess calibration gas through a scrubber * 

Set Figure 2. 

To set up the cslibratlon system^ the diluent gas source at 25 pal (In the 
case of N2« a gas tank) is connected to the intake of the calibration system marked 
Diluent In and the flow is set to a point where tliC float of the 1 to 3 llter/mln* 
flowmeter is raieed Just above zero* The temperature of the system la set to 60*^0 
and allowed to warm-up for 1 hour. A 10 cm. HMH, or UDMH permeation tube which 
has been certified at 60^C la Inserted into the system and allowed to equilibrate 
overnight* 

The diluent flowrate is then adjusted to some rate equal to or greater than 
£.0 lltera/mln. and the vapor mixture is ready to be sampled* 

The concentration of the vapv*.' can he determined by knowing the emission rate 
of the cube at 60^C and the flowrate of the diluent. The equation giving the ppm 
vapor concentration by volume is: 

C - P_|_K ^ : 

C ■ concentration of vapor leaving the system In PPM (volume). 

P - emission rate of permeation tube in grams/mlnute . 

K • unit ccoverslon factor peculiar to the particular permeant vapor 
(24*A5/mol wt. of permeant). 

F ■ diluetit flowrate measured in liter/minutc at 25^C and i atm. 

(For example using 10 era, MHH tube at 60®C whose certified rate • 1,086 ng/min. 
and N2 diluent flowrate of 2.5 liters/minute. 


(MMH) • 1086 X 10 g m./m i n. x 0.531 liters/gm. .^6 
2,5 llters/min. 


- 0.231 ppm 

Concentration can be changed l>v altering flowrate, varying temperature, or using 
varied quantities and/or lengths vM permeation tubes. 
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FIGURE 2 


SYSTEM FOR CALIBRATING HYDRAZINES ANALYZER 






APPEHDIX 11 


OPERATION OF THE MYimZlNF.S DILUTION APPiVKATUG 
A. Ths Hydraxlno Dilution Apparatuf; Is lo tnako hydraxinee vap(*r nilxturep ol 

' I ppiB to ' 100 ppoi in a rontiiuious fr.aniu'r. TLo dilution appaiaius 1? Bhown lu 
FfC.UR:^ I-A-l» which la contaJ.iiod in a lrtrR;o fun^e hood, since the hydrazines arc ol 
a toJtlc and dangeroua nature. AVeu, any bottles or vials of neat hydrazines are K.cpt 
In the hood. 

The apparatus operates by supplvin^ a unlfoi-T^ low flew cf liquid liyurazlne, 

or UDMH contained in a 10 \it Mnmlllon with a Model i:5 syrin:<e pi^np 

through a aeptura sea'i-^d port Into a custom fabricated y,lass mixing app.iraUns Lhroi:Hh 
which H diluent gas flows. 99.999tv.i nio.sl frequotuly used as a diicWM'.C since 

hydrarinee vapors were found t'^ be mure stiible in than aJr, A cont»ollcd f-.ow o<. 
the diluent gas pesaca through a prc-condl t toning chamber, which may be used r.o warm 
the gas stream wlicii lelntivoly high coc.ri'nt r.i i * ''•< ? (* )0 of HyJraz-nc.s ait.- ^esif” 

ed . It then passes tlie syringe m?edl</* picking up i hv* vnpor and Into ;.i 1. liter pul 
wliich mixes the vapor <invi diluent gus. Tlec vap»M- miKture then miv be div:d::c by rvn 
teflon glass va1vl-s end the sninpUnc sf reap e a hoT Matheson fj.>vaneter. Tb.e 

VRjir.r mixtures mav elili. r be col Ir^ led in 1«*i h e t»jr remote sanjiMiuH or be ur.e<l 

direct. ly from the c-. amv'io exit r. 
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put cn a high speed until the cerrlage Is Ju:.t pushing the syringe plunger. The pump 
la then adjusted ..o sone lower delivery rate (for example settings 60Z flow X 1000) . 
After allowing 15 minutes for the system to reach oteady state, the vapor mixture Is 
ready to be easqpled. 

The theoretical concentration of the vapor can ba found by knowing the delivery 
rate of the liquid and the flowrate of the diluent. The equation giving the ppm vapor 


concentration by volume Is: 


ml 


AD X 24450 mole X 10* pom 
(MMH, H, or UDMH] - iff 


RliPRODUar!]! iTv 

original PAui.; B Po/,;''- 


( 2 ) 


ml 

where: A - the delivery rate Hydrazines liquid ( min ). 

D • the density of the liquid (g/ml). 

M - the molecular weignt of the liquid (mole). 

F - the flowrate of the diluent (ml/mln). 

Since the syringe pump delivery 0.024 ml/raln for a 10 pi syringe at pump setting 100% 
Flow X 1, A Is given by: 

BC 

A - 0.024 ml/mln 100% 
where B - % Flow 

C = XI, X 1 ^, X Tjjy, or X , 

Substituting equation (2) into (1) gives: 

0.024 ml/mln BCD X 24450 ml/mole X 10® ppm 
(MMH, H, or UDMH) = M F 100% “ ( 3 ) 

(ior example MMH at pump settings 60% X and diluent flow of 700 ml/mln yields 

0.024 ml/mln x 0.866 g/ml x 60% x 1 x 24, 450 ml/mole x 10® ppm 
(MMH). « ^ 

X 46 g/mole x 100% x 700 ml/mln ~ 

Bag samples are collected by disconnecting the sample stream from the flowmeter 
and connecting^ a Teflon bag to the sample stream. The ag is left on until it is 95% 
full. The bag is then removed and its valve is closed. The sample stream is replaced 
on the flowmeter. The bag may tnen be calibrated colorimetrically or electro hc-mically 
and used for remote sampling. 
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For direct sampling the sample stream Is connected to a 500 ml plastic bottle 
with a sample exit and a v«nt. A portion of the sample stream is then drawn for 
testing. 






APPENDIX IIl-A 

DETERHIKATION OF CASEOUS MONOMETHYmYDRAZlHE 


Preoarntlon of PDMAB Dve Solution 


1 ) U J 
1.6 g. dittathylamlnobensaldenyda 

IS ml concentrated HCl 
200 ml Methanol 

2) Store the dye solution In an amber bottle In a dark place. 
Shelf Ufa two weeks. 


MMH Stock Solution. 100 ppm 

1 ) Carefully weigh 0.156 g. of MMH. H 2 S 0 « salt on an analytical balance. 


2) Completely transfer the MMH . H 2 SO 4 to a 500 
taming about 100 ml 0.1 N H 2 SO 4 . Shake the 
H 2 SO 4 . Fill to the mark with 0.1 N H 2 SO 4 . 


ml volumetric flask con** 
flask, dissolving the M*ffl. 


»ae of the Soectronic 20 Colorimeter 


1 ) 


With the Instrument off, 
CE-A59RX (gray Internals) 


ensure that the ’'blue" phototube, number 
, for wavelengths less then 650 nm is Installed. 


2 ) 


Turn the Instrument on by rotating the Power 
and allow the Instrument to warm up at least 


- Zero control clockwise 
30 minutes before use. 


Sampling 

1) Plpet 25 ml of O.IN H 2 SO 4 Into a midget Implnger with a bubbler attachment 


21 Connect the Inlet of the implnger to a female fitting to allow easy bag 
^ sa^JIilng Connect the outlet to a flowmeter and the flo^eter to a valve 
an^^thc valve to a pump with tygon tubing (See Figure III-A-1). 


3) 

4 ) 


Turn the pump on and adjust the flowrate between 700 and 200 cc/min with 
the valve. NOTE the flowrate. 


Cal ultite 
l>y the eq 


the time 

uat ion : 


needed to collect the desired volume of MMH/N 2 or MMH/Alr 

Volume 

Collection time (Minutes) ® F.R. (cc/min). 


Connect the bag sample or other source of MMH vapor to the Implnger inlet 
and start stopwatch. 


5) 

6 ) 


After collecting for the desired time, remove bag or other source of MMH 
Stop stopwatch and turn off pump. 


Collect 106 liters at O.l ppm f&m, 10.6 liters at 1 ppm WIH, 
at 10 ppm MMH. This volume needs to be determined by trial 
unknown vapor samples. 


and 1.06 liters 
and error for 


B. Aitfllvflia 


1 ) 

2 ) 

3) 

O 

5) 

6 ) 


7) 

8 ) 


9) 


Tura on the Spectronic 20 and allow It to warm up. 

Prepare e blank by plpeting 5 ml of O.IN HjSO^ to one of the test tube 
cells supplies with the coiortmeter. 

Plpet 5 al of the aaraple solution In the Implngev to n colorimeter test 
tube* 

Plpet 2 ml of the PDMAB dye solution to each of the test tubes. 

Stop per the test tube* and allow to stand for 30 minutes. 

After 30 minutes, read the XI .as fellows: 

a) Set the Spectronic. 20 wavelength dial at 457 nm and 
adjust the zero control so that the meter reads OXT 
with the cell holder empty and the cover closed. 

b) Ensure that there arc no bubbles In the blank sample 
end wipe the outside of the cell, clean with a tissue. 

Open the cell I'.older cover and Insert the teat tube 
cell, aligning th. -.nerk on the cell with the line on 

the holder. 

c) Close the cover and adjust the LIGHT control until 
the meter reads lOOXT. 


d) Remove the blank .md save for future use. 

e) Ensure that the sample cell contains no bubbles and 
wipe the outside clean with a tlosoe. Insert the 
cell In the holder, aligning the raetk on the cell with 
the mark on the holder. 

f) Close the cover and read %T. NOTE the results. 

g) Repeat, steps b.c.d.e, and f three lines and take 
average %T value. 


Remove sample from coiorln>cter . H addlUo.-.al samples have been pre- 
pared for measurement . repeat st-ven Oo through hg for each, sample. 

T ot the aample zo A (sbsorbonc^) by the fonr.ula: 


pared 
Convert the overage 


IW 

A * log ( ) 


Obtain the MKH va.lue from the caUbr.iti.on curvo. 






F. Calculation 


The concentration of gaaeoua HHU in N 2 or air is found by the equation: 

ppQ A 13«3 

V 

A • ppm 14HH in the solution aasple. 

V - volume MHH/N 2 or !^/Air collected in cc7 

G* Calibration Curve 


1) Prepare a 10 ppm K1H etandard eolution by pipeting 10 ml of the stock 
solution to a 100 ml volumetric flask and diluting to the mark with 
0*1H H 2 S 04 * Repeat for etandard solutions of 8»5»2 and 1 ppa HHH by 
pipeting 895 , 2 , and 1 ml respectively instead of 10 od* 

2) Follow steps £1 through E 8 in the analysis using the standard solutions 
as samples* Plot A, absorbance, va* ppm MKH on graph paper* Draw the 
best straight line through the points and extrapolate to 0 ppm. 

3) A separate curve shall be prepared for each colorimeter* A new curve, 
shall be prepared if it is necessary to change the colorimeter lamp or 
phototube* 

4) Standard samples should be run periodically (i.e*, one with each days 
calibrations) to check the accuracy of the calibration curve* 


NOTE: This procedure may be modified to fit the int-ividual operators 

needs. 


V* 





U:,iXY OK 
AGE IS POC>^- 
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APPENDIX 111-B 

DETERMINATION OP GASEOUS HYDRAZINE 
Preparation of PDMAB Dye Solution 

1) Refer to Section A in the Determination of Monoaethylhydrarlne 
Appendix II-A. 

N 2 H 4 Stock Solution, 100 ppm 

1) Carefully weigh 0.152 g. of N2H4.(HC1)2 salt on an analytical balance. 

2) Completely tranafer the N2H4.(HC1)2 to a 500 ml volumetric f!tak 
containing about 100 ml O.IN HCI 2 . Shake the flask, dissolving the 
N2H4.(HC1)2« Fill to the mark with O.IN HCl. 

Use of the Soectronlc 20 Colorimeter 

1) Refer to Section C In the Determination of Monomethylhydrazlne; 

Appendix II-A. 

Sampling 

1) Plpet 25 ml of O.IN HCl Into a midget impinger with a bubbler attachment. 

2) Refer to Sections D 2-5 In the Determination of Monomethylhydrazlne, 
Appendix II-A. 

3) As a guide, collect 19 liters at 0.1 ppm H, 1.9 liters at 1 ppm H, and 
0.2 liters at 10 ppm H. 

Analysia 

1) Turn on the Spectronic 20 and allow it to warm up. 

2) Prepare a blank by plpetlng 25 ml of O.IN HCl Into a small vial. 

3) Transfer the entire Impinger sample to a small vial. 

4) Plpet 1.25 ml of the PDMAB dye solution to each of the vials. 

5) Cap the vials and allow to stand for 20 minutes. 

6) After 20 minutes, read the XT as follows: 

a) Set the Spectronic 20 wavelength dial at 457 nm and 
adjust the zero control so that the meter reads OZT 
with the cell holder empty and the cover closed. 

b) Rinse a test tube cell twice wlt.i the blank and fill 
halfway with the blank. Wipe the outside of the cell 
clean with a tissue. Open the cell holder cover and 
insert the test tube cell, aligning the mark on the 
cell with the line on the holder. 


c) Close the cover .r.iJ af?iuat th: LIGHT control 
until the mater roa'b 100?T, 

d) Remove the blank ::nd save for future use. 

e) Rinse ft cell twice with the san^le and fill 
halfway with the sample. Wipe the outside 
clean with tissue. Inser the cell in the 
holder, aligning the mark on the cell with 
the mark on the holder. 

f) Close the cover and read XT. NOTE the re- 
sult. 

g) Repeat, steps b,c,d,e, and f three times 
and take average XT value. 

7) Remove san^le from colorimeter. If additional samples have been prepared 

for measurement, repeat steps 6 b through 6 g for each sample. 

8 ) Convert the average XT of the sample to A (absorbance) by the formula: 

A - log ( 100 ) 

XT 

9) Obtain the N 2 H 4 value from the calibration curve. 

Calculation 


The concentration of gaseous N 2 H 4 in N 2 or air is found by the equation: 

ppm N 2 H 4 ■ A 19.1 
V 

A • ppm N 2 H 4 in the solution sample. 

V - volume N 2 H 4 /N 2 or N 2 H 4 /Air collected In cc? 

Calibration Curv e 

1) Prepare a 10 ppm N 2 H 4 standard solution by plpetlng 10 ml of the stock 
solution to a 100 ml volumetric flask and diluting to the mark with O.IN 
HCl. Repeat for standard solutions of 8,5,2, and 1 ppm N 2 H 4 by pipetlng 
8,5,2, and 1 ml respectively instead of 10 ml. 

2) Follow steps El through E 8 in the analysis u.slng the standard solutions 
as samples. Plot A, absorbance, vs. ppm N 2 H 4 on graph paper. Draw the 
best straight line through the points and extrapolate to 0 ppm. 

3) A separate cover shall be prepared for each colorimeter. A new curve, 
shall be prepared it if is necessary to change the colorimeter lamp or 
phototube. 

4) Check calibration often by analyzing a standard sample. 



APPENDIX III-C 


DETERMINATION OF GASEOUS UNSYMMETRICAL Dlt4ETHYLHYDRAZINE 


A* Preparation of Buffer Solution 

1) MIX: 9.6 g Citric Acid 

15.7 g NQ 2 HPO 4 
2 liters distilled water, 

2) Adjust the pH to 5.4 (with a pH meter)? with citric acid? 

B. UDMH Stock Solution 

1) Fill a 500 ml volumetric flask with buffer solution to the line, 

2) Transfer (63 x (purity of UDMH) ) yJl of neat UDMH with a 100 \il syringe 
to the flask. Shake the flask, 

C . Use of the Spectronic 20 Colorimeter 

1) Refer to Section C in the Determination of Monomethylhydrazine Appendix 
II-A. 

D. Sampling 

1) Pipet 25 ml of buffer solution into a midget impinger with a bubbler 
attachment, 

2) Refer to Sections D 2-5 in the Determination of Monomethylhydrazine, 

Appendix Il-A, however the flowrate through the impinger should be 
between 200 and 400 cc/min. 

3) As a guide, collect 33 liters at 0.1 ppm UDMH, 33 liters at 1.0 ppm UDMH, 
and 0.33 litei:s at 10 ppm UDMH. 

E. Ana lysis 

1) Turn on the Spectronic 20 and allow it to warm up. 

2) Prepare a 0.1% TPF solution by transfering 0.1 g of trisodiumpenta- 
cyanoaminoferrate into 10 ml volumetric flask and filling to the mark 
with distilled water. 

3) Prepare a blank by pipeting 7 ml of the buffer solution to one of the 
test tube cells supplied with the colorimeter. 

4) Pipet 7 ml of the sample solution in the impinger to a colorimeter test tube. 

5) Pipet 1 ml of the TPF solution to each of the test tubes. 

6 ) Stop the test tubes and allow to stand for 20 minutes. 

7) After 30 minutes, read the %T as follows: 
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a) Sat the Spectrontc 20 wavelength dial at 500 nm and 
adjust the zero control so that the meter reads OXT 
with the cell holder empty and the cover closed. 

b) Ensure that there are no bubbles In the blank sample 
and wipe the outside of the cell clean with a tissue. 

Open the cell holder cover and insert the test tube 
cell* aligning the nark on the cell with tne line on 

the holder. 

c) Close the cover and adjust the LIGHT control until the 
toeter reads lOOtT, 

d) Remove the blans and save for future use. 

e) Ensure that the sample cell contains no bubbles and 
wipe the outside clean with a tissue. Insert the 
cell In the holder, aligning the mark on the cell 
with the mark on the holder. 

f) Close the cover and read %T. NOTE the results. 

g) Repeat, steps b.c.d.c, and f three times and take 
average %T value. 

8) Remove sample from colorimeter. If additional samples have bi jn prepared 

for measurement, repeat steps 6b through 6g for each sample. 

9) Convert the average %T of the sample to A (absorbance) by the formula: 


A « log /lOOx 
^ %T 

10) Obtain the UDMH value from the calibration curve. 

11) NOTE: UDMH implnger sample should be analyzed within an hour of collection. 
F. Calculation 

Tlie concentration of gaseous UDM51 in N2 or air is found by the equation: 

9.55 

ppra UDMH « A V 

A « ppm UDMH In t}\e solution suriplc. 


V = volume UDMH/N2 or UDtiH/Air collected in cc? 



Calibration Curve 


x) Prepare a 10 ppm atandard oolution by plpetlng 10 ml of the stock solution 

to a 100 ml volumetric flask and diluting to the mark with O.IN H 2 SO 4 . Repeat 
for standard solutions of 8,5,2 and 1 ppm HHH by plpetlng 8,5,2, and 1 ml 
respectively instead of 10 ml. 

2) Follow steps El through E 8 in the analysis using the standard solutions as 
samples. Plot A, absorbance, vs. ppm MMH on graph paper. Draw a curve 
through the points and extrapolate to 0 ppm, 

3) A separate curve shall be prepared for each colorimeter. A new curve, should 
be prepared if it is necessary to change the colorimeter lamp or phototube. 
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APPENDIX IV 

ELECTRONIC CIRCUIT DESCRIPTION 
Potential Circuit 

The potentiostat’s function la to maintain a constant potential difference 
(Eiw) between the working and reference electrodes of the sensor* Operational 
amplifier IC-1 performs this task. The potential Erw between the reference and 
working electrode Is kept exactly equal» the voltage at the positive Input (pin 3) 
of lC-1. Variations In the resistance of the electrolyte have no effect bn Erw. 
Moreover any change in the electrochemical potential of the counter electrode is 
also compensated. 

When gas Is oxidised at the working electrode, the potentloatat provides 
th*i power to sustain the reaction. The output of lC-1 (pin 6) will swing nega- 
te e the necessary current goes through R3 to the sensor. This current, 
whiw i is proportional to the gas cor.centratlon, causea a voltage drop across R3. 
This voltage drop Is applied to the differential amplifier. 

Differential Amplifier 

IC-2, IC-3 and IC-4 constitute the differential amplifier. The use of three 
Op Amps results in a "classic" instrumentation amplifier. This configuration re- 
sults in high input impedance, low offset and drift, low nonlinearity, stable gain 
and low effective output impedance. The gain of this section Is 5.97. The output 
of the differential amplifier (IC-4, pin 6) is applied to the temperature compen- 
sation amplifying circuit. 


Temperature Coeinenaattcm Circuit 

Thle circuit Is conflBurod as a aumolng amplifier with temperature depandent 
gain. At 25®C the gain la unity. To compensate for variations In the electro- 
chemical reaction rate of the sensor a thermistor (R4) Is placed In the feedback 
loop of IC-5. The sensor typically has a positive tooperaturo coefficient while 
the thermistor has a negative temperature coefficient. The feedback resistance 
of lC-5 (R4, R23, R27) la scaled to counteract the sensors characteristics. 

Since the gain Is varied there Is no dependence on gas concentration. Should 
aero temperature compensation be required, provisions have been made to use 
thermistor R65 and resistors R66 and R67. The background current of the sensor 
mulled out by the aero control R20. However, the background current Is tempera- 
ture depandent resistor, current Is added or subtracted from the summing junction 
of ic-5 thereby compensating for variations In sensor background current with 
temperature. 

Voltage Referenco Circuit 

Various reference voltages are required throughout the Instrument electronics. 
Diodes D1 and D2 provide the basis for the reference voltages. Taey are tempera- 
ture compensated, low. voltage reference diodes employing a band gas technique to 
insure stability. The nominal voltage of these devices Is 1.20 V. 

Zero Control 

The aero adjust potentiometer (R20) is connected to the t 1.20 reference 
voltages. The center tap voltage permits current to pass through R21 and Into the 
summing Junction of IC-5. This technique allows the instrument to be soroed. 



Th« output of the tcoperature cos^neation circuit (IC-5* pin 6) Is applied 
to the span control potentioG^ter (K28). Anplifier XC-6 is a voltage follower 


i 

with gain* In thla case the gain ia 6.6. Potentiotsater R53 is used as a aero | 

f . ,■ 

offset adjust. In practice, the span control potentionater is rotated counter- | 

4 

clockwiee so that the center tap is at ground potential. R53 ia now adjusted | 

until the LCD display reads .000. Capacitor C30 is used to prevent IC-6 from 1 

t 

oscIllGtlnge . Th« output of this circuit is Applied to various circuits through \ 

resistor R42. These circuits include the LCD displayi alarm comparitor and 

i 

recorder output* 

Alarm Circuitry / 

IC7-A is used as a voltage follower with variable gain. The 1.20V reference 
voltage is applied to the non^inverting input of IC7-^A* In practice » R29 is ad*- ^ 

Justed so that the output of IC7-A (pin 1) reads 2.00V. This 2.00V signal is ^ 

applied to the -alarm set control (R43). Since 2.00V represents the full scale of 
the instrument p rotating the alarm set control will provide comparitor IC7*C with 
an input ranging between zero and lOOX full scale* The other input to IC7-C is 
the analog signal representing the parts per million of the gas being detected. 

As long as the analog signal input is less than the alarm aet voltage, the output 
of IC7«*C will remain low. When the analog voltage input exceeds the alarm set 
voltage, the output of IC7*C will be switched high. 

Visual Alarm 

When the output of comparitor 1C7-C goes high. HAND gate IC8-D also goes 
high providing current to the base of Q2. Transistors Q2 and Q3 are arranged in 
a Darlington configuration to provide sufficient current to Illuminate the GE44 
lamp. This lamp will remain illuminated until the analog signal falls below the 
alarm set level. 








I 


■ V <« 


Audible Alnna 

Vhen the output of conparitor IC7-C goes high the audible alarn Is activated 
through the Horn OH/OFF switch (SW-3). Transistor Q1 Is used wO ensure that sufficient 
current Is available to drive the audible alam> The audible alam will be silenced 
1C the analog signal falls below the alarm set level or if the Horn ON/OFF switch 
(SU>3) le placed In the OFF position. 

LCD Display 

The LCD display Is a modified DATEL Model 3100X digital panel meter. It has 
a Cull scale reading of 1.999. In positive over-range the display ready 1. with 
the remainder of the display blank. In negative over-range the display shows -1. 
with the remainder of the display blank. Positive over- range occurs when the analog 
voltage Input exceeds 1.999V. Negative over-range occurs when the analog voltages 
la less than -1.999V. The DATEL 3100X is modified by the addition of two lamps 
(GE-1784) to provide illumination in low light environments. Putting the display 
Illumination switch SW-5 in the ON position will turn on these lamps to provide 
viewing in dark areas. Lamp life is rated at 1000 hrs. 

Recorder Output 

The recorder output provides both analog signal and power to run a portable 
recorder. The analog signal is 0-lV representing 2 ppm. The recorder output cir- 
cuit is designed to utilize the 1000 ohm recorder Impedance. When connected to the 
ECOLYZER, the recorder Impedance is in parallel with R60. This parallel combination 
is in series with R59 and together act as a voltage divider, halving the 2V full 
scale signal of the instrument. 

NOTE: If a high input Impedance voltmeter is used, a 1000 ohm, 11 resistor 

must be placed across its input. 
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Powftr ON/OPF S • 

In ord«r to euouro olnlmuB warm-up time, the sensor Is always kept under po- 
tentlostatlc control. However, to alnlmlre battery drain, power to the remainder 
of the instrument is turned off. The power OM/OFF switch performs this function. 

The power OH/OFP switch also is used to turn on the pump. 

Battery Tost 

Battery test switch SW4 samples both positive and negative battery supplies 
and displ^s the saapled voltage on the LCD display. Resistors R61, R69 and R62 
are used as voltage dropping resistors. The voltage drop across R69 is displayed 
on the LCD meter. Any voltage above l.OOOV shows good batteries; any reading below 
l.OOOV indicates that the batteries req lire recharge. Readings below l.OOOV will 
occur when the Nl/Cd batteries reach an Individual voltage of 1.22V. 

Low Battery Alarm Circuit 

1C7-B samples part of the battery voltage appearing across R36. The output of 
^ IC7-B is the input to comparltor IC7-D. As long as this output is above 2V the 

batteries do not require recharge. Below 2V the comparltor output goes low turning 
on an oscillator comprised of HAND gates IC8-A and ICO-B. The oscillator frequency 
is approximately 0.3Ha. Use of diode D3 causes the wave form to be asymmetric. 

The oscillator output is applied to the base of Q1 which energizes the audible alarm 


I 
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in a series of "beeps'*. 

NOTE: An alarm caused by a high gas concentration will override the low 

battery circuit and the alarm will sound continuously. 


Function Test 

The function test enables the user to check the instruments electronics except 
for the potentlostat circuit. By depressing function test switch SW2, a current is 
fed across R3. The additional voltage drop is sensed by the differential amplifier 
and is applied throughout the various circuits to the panel meter. This injected 
voltage should cause audio and visual alarms to energize (depending on the positions 
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of the Span control and Alarm Set control). 

Batteriea and Battery Charger Circuitry 

The lnstrv9&ent is powered by six "D*' size nickel cadmium rechargeable batteries 
each having a capacity of 4 Ampere-hours. Charging is accomplished by connecting 
the charger to the charging jack. Resistor R56 controls the charging current and 
diode D4 prevents damage due to an accidental shorting of the charging Jack. Charg- 
ing time is overnight (16 hrs). 

Pump Voltage Regulator 

This circuit employs a LM317M voltage regulator (IC-9) to provide a constant 
voltage to the pump regardless of load. It will supply sufficient current for the 
starting torque and will adjust for varying load conditions and battery voltage. 

The voltage is regulated at 4.3V* 



